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INTRODUCTION 


In 1967, the University of Florida's Center for Tropical Agri~ 
culture initiated agricultural ecology field studies in eastern 
Panama and northwestern Colombia. These studies were a part of the 
Battelle Memorial Institute, Columbus Laboratories, Bicenvironnental 
Safety Feasibility Study for a nuclear-excavated, sea level canal 
across the isthmus of Panama authorized under Public Law 88-609, 88th 
Congress. 

The major objectives of this program were to predict radiation 
exposure doses from external and internal sources that would be 


imposed on the biota (including man) by the proposed nuclear excav. 


ns. For these predictions, a conceptual model consisting of the 
important compartments and pathways involved in the cycling of 


alized 


nuclides through the agriculture food chain to man was 
(50). 

Two pertinent problems were recognized, One was how will the 
radionuclides behave chemically in the soil. The other was will 
these nuclides be available for uptake by plants to the food webs. 
Information concerning the chemical and mineralogical properties of 


these soils was required to assist the plant ecolo: 


t in predicting 
concentrations of radionuclides to be expected in plants which is the 
First step in many food webs. 

Many of the most important chemical and physical properties of 


the soil, which deter 


"© passage through the soil and availability 


of radionuclides for uptake, are dependent to a very large degree 


fon the minerals constituting the clay fraction (<2 p), Thus it is 


n OF radia 


Imperative, for the predic n exposure doses, that the 
types of clay minerals and sone of their basic properties be studied. 
Ganble et al. (50) have noted that little Is known of the elemental 
composition of the food plants and even less is known about the soils 
of this area, 

The principal objectives of this study were to determine sone 
of the important physical and chemical properties of the soil clays 
from agricultural areas located near a proposed canal site (route 17) 
in eastern Panana, A secondary objective was to study the root, leaf, 
and adjacent soi! analysis of food plants and secondary vegetation 


from these same or adjacent locations to determine the concentration 


of mineral elements and evaluate relationships between the s 


compartment and root and leaf compartments. 


LITERATURE REVIEW 


Location 
Darien Province is bounded by Colombia on the east, Panama 
Province on the west, the Atlantic Ocean on the north, and the Pacific 


Ocean on the south. 


‘Topoaraphy, 
Panama is predominantly a country of low to medium elevation, 
‘The major features encountered in the relief along proposed route 17 
are the Cordillera de San Blas, The San Blas range creates a conti~ 
nental divide parallel to the Caribbean and is separated from it by 
a narrow coastal plain which occasionally disappears where the hills 
extend down to the sea (50), Most of the subtropical belt is com 
prised of rough topography, with only very limited areas of Flat or 
gently sloping lands located in the valleys or on the tops of the 
wider ridges. The lower tropical belt which covers the major part 


of Panama is predominantly hilly and broken 


ith some large expanses 


of river-valley areas located in the Darien Province (61). 


Clinate and Weather 
Route 17, proposed as a study area in Darien Province, is mostly 
tropical lowland with both a wet season and a dry season, Only a 


Few peaks above 4,000 feet are cool enough to be called temperate. 


4 
Diurnal variations are relatively large,ranging from 4 to 6¢ at sone 
locations. This variation produces considerable early-morning cooling, 
often with associated low clouds and ground fog (9, 61). 

Precipitation is essentially orographic on the Caribbean coast 
where winds from the northeast and east bring moisture=laden air to 
the land. The highest annual precipitation occurs in the lower part 
of the lower montane or the upper part of the subtropical belt. On 
the Pacific side, the precipitation is predoninantly convectional , 
occurring during the rainy season when the belt of doldrums has moved 
north fron South Anerica. However, there appears to be also a strong 
influence of winds from the southwest. In general, the whole Carib 
bean side is moist to wet whereas the Pacific side is broken into 
moist or dry subregions (61). This difference is illustrated by 
Cristobal, at the Caribbean terminus of the Panama Canal, and Balboa 
Heights, at the Pacific terminus where long range weather stations 
are located, Cristobal receives 3,250 mm of precipitation per year, 
with a maximum of about 70 mm in Novenber; there, the dry season 
usually extends from January through April. Balboa Heights, on the 
Pacific side, records 1,760 mm annually, usually with all but about 


150 mn falling between Harch and mid-December (9). 


Plant Ecology 


‘The greater part of the lowland areas fall according to Holdridge 


(60) and Holdridge and Budowski (61) in the classification of tropical 
moist forest formation having a mean annual temperature of 24C or 
above and an average annual rainfall of 2,000 nm or more. The upper 


reaches of the Rio Sabana and Rio Chucunaque are located in the area 


tranversed by the proposed canal route 17. These areas having approx 


Imately 2,000 mm of rainfall, fall into a distinct transition zone 
between tropical moist and dry forest, Rainfall increases along the 
Pacific coast to the south and towards the Colombian border and the 
San Blas, This gives rise to typical moist forest, Considerable 
areas of the subtropical wet forest and smaller areas of the lover 


montane wet forest are encountered with increasing elevation (60, 61). 


Geology 
The geology of the proposed site is shown in Fig. 1. Generally, 
in the Pacific watershed, the route transverses a series of sedinen- 
tary outcrops conposed principally of calcareous shales, sandstones, 
and limestones Tertiary in age, North of La Palma, across the Tuira 
estuary, basal tic outcrops intrude into the dark shales, The geo- 
logic formational units are in approximate alignnent with the Isthmus. 
The Caribbean side has an fgneous basement complex. Narrow sandy 
beach deposits are found along both coasts. Interior geological for 
mations are composed of calcareous sandstones, shales, and fossil 


limestones Ter 


ry in age (9, 50, 123). The United States Corps of 


Engineers have reviewed the geology of eastern Panama in detail (123), 


Soils 

Soi} formation in Darien Province 1s influenced by high tenper- 
atures and rainfall which result In heavy leaching and laterization. 
The inland forest soils have been reported to have low humus in the 
surface soils, due to rapid oxidation of organic matter, and deep, 
well-oxidized subsoils (9). 


h were Entisols 


Gamble et al. (50, 51) recognized two orders wi 


and Oxisols and three suborders of Entisols. The suborders were: 


7 
Psoments, Aquents, Orthents, and 2 rolling phase of Orthents (Fig. 2). 
The above soils were expressed in general terms, with the exception of 
beach sands, by Martini et al. (85) as moist areas, alluvial sotls, up- 
land, nonlatasol and latasol, Beach sends have been described by 


Wheeler (129). 


Systems of Agricul ture 
The systems of agriculture in this area have been described in 


detail by Gamble (48) and Gamble et al. (50). They described shifting 


agriculture as the initial felling and burning of most of the trees 
followed by @ crop with no cultivation of the soil. After crop produc- 
tion, this land reverts back to jungle. However, they reported that a 
riverine system was followed wherever the rivers had sufficiently large 
bottom river terraces to support a garden following deposition of 

sediment from the rainy-season flooding. In this system, rice was 

grown in the low areas and corn or other food crops on the higher land. 


Also, they noted subsistence-type gardens which were cultivated close 


to the houses with a large variety of food crops for hone use. Also, 
they described @ plantation system which usually consisted of large 
‘areas of banana and lesser sized acreages of coconut and avocado, 
Whereas, livestock operations, usually confined to the Pacific side, 


consisting primarily of cattle, poultry, and swine were observed. 


Components of Soil Clay and Their Identification 


Nature of Soil Clay 


The clay fraction of soils consists of both crystalline minerals 
that can be identified by X-ray diffraction and other inorganic 


colloids that do not give X-ray diffraction patterns and are termed 


SOILS, MAP 


Fig. 2.--General soils map of Darien province located 
in eastern Panama, The inset numbers refer 
to locations for root, soil, and plant 
samples where 1 is Yaviza, 2 is Yeziva, 3 is 
Trocha, 4 is Santa Fe, 5 is Rio Lara, 6 is 
Nuno, 7 is Rio Sabana, 8 is Santa Fe, 9 is 
Santa Fe, 10 is Rio Chucunaque, 11 is Rio 
Grande, 12 is Pinogana, and 13'is Patino. 


Source: Original map by Gamble and Ah Chu 
(50). 
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amorphous or X-anorphous. Early workers believed the clay fraction 


to be amorphous and ate: 


uted the phenomenon of cat} 


ynexchange to 
colloidal oxides. After the demonstrations by Hendricks and Fry (58) 


and Kelley et al. (72) that soil clays were crystalline mineral com 


ponents, with high cation exchange capacity (CEC), the earlier view 
of anorphous colloids was largely abandoned, Most of the emphasis 
has been placed on X-ray diffraction analysis in investigations of 
the structure, properties, and abundance of sof} clay minerals. 
Although many workers have found evidence for presence of amorphous 
clays in soils, there is relatively Iittle information regarding the 
nature, extent, or properties of such components of the clay fraction. 
The amorphous sof! materials can be classified as Mallophane"’ or 


“allophane-1ike'', other amorphous aluminosilicates, free iron oxides, 


Free alumina, manganese oxides, and hydrous silica. 


Allophanic Properties 
The term “allophane" has been used for a wide variety of non- 
crystalline colloidal mineral substances that are common constituents 
of soils (85). Aomine and Yoshinaga (5) associated al lophane with 
hunus occurring in surface soils as a product of weathering of volcanic 
ash. Allophane is a general term for amorphous aluminosilicate gels 
of a wide range in composition, The Si): Alz03 mole ratio falls in 
the range of 0.5 to 1.5 or 2.0, The composition includes structural 


H,0 and OH; also, iron oxides may be occluded in allophane (65, 67, 


68). Differential thermal analysis (OTA) indicates surface~soi | 
allophane by @ carbon-burning exotherm in the range of 450 to 550C 


‘as well as a low temperature endotherm at 160¢ (39, 65). 


Delta cation-exchange capacity of al lophane 
Aomine and Jackson (3) noted that the CEC of allophane measured 


at pH 7.0 varied a great deal according to the pH of reagents employed 
in the clay-dispersion process. They noted that the clay fraction 
wien separated In an alkaline medium at pH 10.7 gave CEC as high as 
150 meq per 100 9 of clay, whereas the clay fraction from the sane 


soil originally separated with an acid dispersion medium had an 


exchange capacity only about one-third that of the sanple receiving 
alkaline dispersion. They found the CEC of the acid-dispersed sample 
equaled that of the alkaline clay upon treatment with a mild alkaline 
buffer. They considered this property as diagnostic for allophane. 
Origin of charge of allophane 

According to Villers and Jackson (125) the negative charge of 
allophane resulted from isomorphous substitution of Al for Si in 
tetrahedral coordination with oxygen, which is analogous to that in 
crystalline layer silicates. They noted that substitution of an Al 


for Si, in each four Si atoms, resulted 


a "'permutite' structure 
which has a composition approaching NaSisA10¢(OH), of which the Na 
is exchangeable and the CEC charge is 335 meq per 100 9 as a maximum. 
lt was their postulation that hydroxy Al with a coordination nunber 
of six may block sone of the tetrahedral negative charge, with ei ther 


protonation or deprotonation accounting for the observed hystersis 


of the CEC, They attributed this CEC of the colloid to electroly 
properties from a high spect fle surface of AI(OH)$ and an association 


of the Al surface with other minerals possessi 


1g @ net negative 
charge. 


Occurrence of allophane 


DeMumbrum and Chesters (32), utilizing a fractionation procedure 


based on a 


dispersi 


yn, concentrated inorganic amorphous colloidal 


material from several soils. They found these allophanes were metallic 


silicates, largely hydrous-Al | 


icates, and hydrous-Al compounds 
which they considered residues of chemical weathering within the soil 
profiles studied. In the 8 and C horizons examined, they found micro- 
crystalline particles of halloysite which were shown to be intimately 
mixed with the amorphous residues. Aonine and Yoshinaga (5) showed 
by DTA that allophane in sone well-drained soils derived from volcanic 
ash in Japan have endothermic peaks at 200C and from 400 to 600¢; 

The CEC determined at pH 7.0 varied from 23.3 to $7.3 meq per 100 g. 
Wada (127) found that the CEC of allophane doubled in all cases from 
pH 4.0 to 7.0, whereas an halloysite increased only 2 meq per 100 g 
over the same range, Birrell and Fieldes (12) found that deferration 
of the Whenuapi clay fraction resulted in a very much reduced content 
Of bound H,0 as found by OTA at the low-temperature endotherm, They 
reported that the high-temperature exotherms disappeared upon defer- 
ration, The Si0):A1203 mole ratio for this material was 1.21 to 1.52. 


Patterson (99) reported allophane in some soils of Hawati with an 


A1903:Si0, mole ratio of exactly 2.0 and with a OTA endotherm that 
extended from 180-300C, 
Types of al lophane 

Jackson (68) classified stable allophane as that which is dis= 
solved only slightly either in HCI at pH 3.5 or ina 2% solution of 
NagC03 in contrast to unstable allophane which was soluble in dilute 
acids and alkalies, The more unstable allophane, he concluded, was 


formed quickly by weathering of permeable volcanic ash; stable allo~ 


phane was thought to be a weathering relic of halloysite and kaolinite. 


12 


Birrell and Fieldes (12) reported that, in New Zealand si 


5, disper= 
sion of soils containing allophane appears to be practicable only if 
free sesquioxide content is low and the medium is kept at least at 
pil 10, 

Fieldes (38) distinguished between "al lophane 6! where amorphous 
silica was discrete and the particles were very fine and "allophane A 
where silfea and alunina were randomly conbined and the particle size 
was larger than for allophane 8. He reported that, with increasing 
age of the clay derived from volcanic ash, the sequence was from 
allophane 8, to allophane A, to metahalloysite, and finally to 
kaolinite. 


Yoshinaga and Aomine (135) separated a thread-like crystalline 


Fraction called imogolite, from a soil dominated by allophane, Aonine 
and Miyauchi (4) divided imogolite further into subspecies A and 8 


h they found could be detected with X-ray diffraction. They con- 
cluded that imogolite A has no characteristic endothermic OTA pattern 
whereas imogolite B has an endothermic peak at about 420C. These 
forms of allophane they regarded as representing different weathering 
stages in which the sequence is as follows: volcanic ash, amorphous 
silica and alumina, allophane B, allophane A, Tmogolite A, imogolite 
B, and kaolinites (4, 69). Tan (119) studying andosols or andepts 
From tropical west Java found the properties varied somewhat depending 
fon the pedogenic age, He noted that the younger soil had an AC 
profile that contained amorphous material tentatively called pro- 
allophane mixed with pedogenic intergradient vermiculite, The Sig: 


Al03 mole ratio, he found, was nearly 10 in the surface horizons. 


The older soils, in his study, had thicker AC or ABC profiles with 


the clay fraction dominated by al lophane. 


3 
Nejia et al. (92), studying soils derived from volcanic ash in 


the Colombian Andes, found allophane to predor 


wate, They suggested 
transformation of allophane into halloysite from data obtained by 


infrared analysis. 


Other Avorphous Aluminosilicates 
Jackson (68) stated that amorphous and finely divided crystalline 

compounds are hydrous. Amorphous aluminosilicates of soils, which he 

classified as non-crystalline, gel-like compounds, contained mainly 


Al, Si, 0, and H,0, along with some, Fe, Hg, OH, and occasionally PO,. 


The common presence in soils of various anorphous alumino-silicates 
that have properties distinct fron those of allophane has generally 
been recognized. Jackson (68) classified such compounds as highly 
disordered, three-dimensional, sub-crystalline, clay-like, and clay 
relic materials, transitional to crystalline clay minerals being 
destroyed or synthesized by weathering. Glenn and Nash (52), working 
with reddish-brown lateritic soils from southern Mississippi, found 
that kaolinite, gibbsite, and amorphous material becane prominent in 
the less than 0.2 micron fraction with the anorphous colloids compris- 
ing as much as 40% of this fraction. Ganble et al, (49) studying the 
soils from eastern Panama found that the amorphous material ranged 
From 4 to 54% of the clay fraction. 
Siliceous, amorphous clays 
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hson (115) and Riquer (110) listed opaline as a common form 
of silica in soils derived from plants. Palagoni te, an amorphous 
Fe-Al silicate (13), has not been studied extensively. NeKeague and 


Cline (86) conducted tests for the adsorption of monosilicic acid 


and indicated that at least some of the amorphous silica in 
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occurs as coatings on the surface of iron oxides and other substances. 
‘The relatively high silica content of soil extracts after treatment 
with citrate-dithionite for Fe removal indicated amorphous conbinations 
of iron oxide and silica in soils (8), Yuan (136) found that the 
clay fraction of nine virgin soil profiles was largely composed of 
amorphous materials both in surface soils and subsoils, He found 2 


relationship existed between the amorphous 


0,:A1,0, mole ratio in 
the clay and the degree of pedon development. The large variation 
in these mole ratios, that he observed, suggested that the clay 
fraction probably contained large amounts of free oxides in addition 


to amorphous aluminosi licates, 


chel] and Farmer (93), studying 
amorphous clay minerals by OTA in some Scottish soil profiles, obtained 


a distinct endothermi 


peak between 100 and 200C, Their results 
showed that while all the clays examined appeared to contain a pro~ 
portion of hydrated amorphous material, this component is particularly 
high in clays from the surface horizon. In their clays, ‘the mole 
ratios of silica to alunina showed that, in general, the amorphous 
material was much more siliceous than allophane in soils derived from 
voleanie ash. 
Aluninous, anorphous clays 

Fieldes et al. (40), studying the CEC of some tropical soils of 
the Cook Islands, found by DTA that the principal exchange materials 
in these soils were amorphous, hydrous, aluminum oxides. They also 
artificially prepared anorphous hydrous oxides of aluminum and 
titanium which had extremely high CEC, DeMumbrum (31), while studying 
the soil minerals of the Mississippi Coastal Terrace, found about 15% 
of the clay was an amorphous, aluninous compound having a low Sidy: 


A120; mole ratio, Patterson (99), in Hawaiian soil, found an amorphous 


Is 


material which he described as an alu 


ar 


ica gel, The composition 
of this material was about 50% Al 03 and 25% S102. This material gave 


an endothermic peak at 180C and another peak at 330¢ 


ative of 


crystalline gibbsite. 


Renova! of Anorphous Aluninosilicates 
The free anorphous silica, free alumina, and large percentages 
of amorphous conbined aluninostticates, including allophane, were 
removed by selective dissolution with boiling 0.5 N NaQH as described 
by Hashimoto and Jackson (55). This method for removal of amorphous 


material from soils has been used extensively (53, 55, 65, 68, 70). 


Grystalline Soil Clays 
Bradley (20) has stated that the backbone feature of the clay 
layer is a distinct array of silica tetrahedra surrounded by oxygens 
and each oxygen is shared, either within a layer by two silicons, or 
by extra-layer condensation, between a silicon and octahedral ions. 
He noted that the array affords an infinite net of 6-membered rings 
which consists of the coplanar bases of tetrahedra. This arrangement, 
he noted, consisted of two equal tetrahedral nets, with apices facing 
each other, forming a motif, together with hydroxy! ions, which 
affords octahedral environnent to additional metal ions which are 


nainly AU, Hg, and Fe, The octahedral ion-oxygen associations 


have also been found to have some unspecified but lesser degree of 
covalency in their nature and have more ionic property than do the 
Si-0 associations. Whittig (130) has reported that the crystalline 


clay structures are characterized by a systematic and periodic 


arrangement of atoms in a three-dimensional array; because crystals 
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are composed of regularly spaced atoms, each crystal contains planes 


of atoms which a 


separated by a constant distance. The distance 
between planes have proven to be characteristic of the crystalline 


species. 


XcRay Diffraction Analysis of Clays 
The fact that the distance between planes of atoms has proven to 


be characteristic of a clay is utilized 


estimation and 


jentifica~ 


tion of soil clay minerals by X-ray diffraction, Since Hendricks and 
Fry (58) and Kelley (71) demonstrated that soil clays contained erys- 
talline mineral components that yielded X-ray diffraction patterns, 
this method has become a major tool in investigation of soil clay 
minerals. The nature and properties of X-ray diffraction and its 
application to soil clays were discussed thoroughly by Jackson (65), 


Whittig (130), and Bradley (20). 


Interlayer Effects 


The subject of interlayers has been reviewed comprehensively by 


Rich (106) who stated, in effect, that interlayering is restricted to 
the occurrence, formation, and properties of hydroxy-cation systems 


between the ul 


ulites 


layers of phyllosilicates. He reported vert 
and snectites in soils and sediments are frequently partially inter 
layered; hydroxy-Al deposits appeared to be the principal component 
of the nonexchangeable interlayer material. Little evidence has been 
found for naturally occurring interlayers conposed largely of hydroxy 
Fe since iron oxides are relatively stable in the soil (106), This 
was supported by the work of Bohn (15). Occlusions of Fe(OH)3 in 
positively charged hydroxy-Al interlayers were thought to be more 


likely than other hydroxy-Fe forms (15, 106). The partial filling of 
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the interlayer spaces of soil vermiculite with hydroxy-Al groups was 
shown to influence if} fixation by reducing collapsibility of the 
vermiculite structure (103, 104). 
Removal of interlayer material 

Rich and Cook (107) and Rich (105) observed that treatment of 


certain clays with a solution consisting of O.l N NHyF + 0.1 N HCI + 


1,0 NNH,CI permitted detection by X-ray-diffraction of dioctahedral 


mica and dioctahedral vermiculite. They reported that allophane, 


halloysite, kaolinite, and,in particular, Mg-rich montmorillonite, 
biotite, and vermiculite of clay size were destroyed by the above 
reagent after 24 to 48 hours of contact at room temperature. Removal 
of the above clays was also made with a reagent containing 0.2 N NH, 
‘and heating for an hour at 70C. Rich and Singh (108) noted that 
another mixed solution containing 0.4 N NH,F required about two hours 
for removal of kaolinite at room temperature. Black and Rich (14) 
employed a chemical kinetic method to study the rate of dissolution 


of the components of several soil clays by aci 


ied NHyF. They 
determined Al and Fe contents in the solution phase, and obtained 
both the CEC and X-ray diffraction patterns of the residues. They 


found @ reac tle for each 


yn time in the reagent that was characte: 


clay and noted the rate of dissolution of Al and Fe becane slower; 
at this stage all material originally present with @ spacing at 14A 
readily collapsed to 10A upon K saturation. An initial large increase 
in dissolution indicated that hydroxy-Al and -Fe interlayers were 
being dissolved From the more resistant vermiculites; this was 


followed by destruction of kaolinite. 


Retention of Polar Liquids 
Such important soil properties as water retention and CEC have 


been shown to be 


jhly correlated with the surface area exposed (96). 


byal and Hendricks (35) determined the specific surface of clays, 


which had been dried over Pp0s by mixing clay and glycol in equal 


Proportions. They noted the rate of ethylene glycol evaporation de~ 
creased when all the free glycol was gone and after 16 hours they 
concluded that the renaining glycol was adsorbed in a monolayer. 
Bower and Gschwend (17) worked with glycol-saturated sanples evacuated 
over dry CaCly- They used consecutive weighings te find the transi~ 
tion from the faster rate of loss of free glycol to the slower rate 
of loss of that bound to the surface of the clay. Bower and Goertzen 
(16), using a mixture of CaCl, and glyco! under a vacuum, found the 
values for the determination of specific surfaces of sof! clays agreed 
well with values obtained by Dyat and Hendricks (35). Sor and Kenper 
(116) noted that the removal of ethylene glycol from clays did not 
affect the basal spacing in X-ray diffraction studies when glycol 
was removed, until the monolayer was reached, at which point the 
basal spacing of the clay decreased as further glycol renoval took 
place. Horin and Jacobs (94) found that surface area determined from 
adsorption of ethylene glycol fron the vapor phase by sofls and clays 
in equilibrium conpared favorably with previous equilibrium and non= 
equilibrium methods. Mortland and Kenper (96) provided an extensive 
review on the retention of polar liquids by clays and the underlying 
Principles involved. 

Hehra and Jackson (90) reported that sone montnorilloni tie Fine 
clay sorbed an excess of glycerol giving erroneously high values for 


surface area, After subjecting the montmorillonite to a dissolution 
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step with 0.5 N NaOH, the specific surface decreased to the expected 


value, They attributed this to the removal of poorly crystalline 


materials having high specific surfaces, However, Martin (84) found 
very little difference for ethylene glycol retention by sof! clays 
before and after removal of free-iron oxides. MacEwan (82) emphasized 
that drying hydrated halloysite increased the total surface area of 
this mineral to nearly double that of the hydrated form. He also 
reported that vermiculite only adsorbed one layer of glyco! molecules 
in the clay interlayers although it adsorbed two layers of water on 
these surfaces, McNeal (88) noted a decrease in glycol adsorption 


with temperatures over 40C. Rich (103) noted that treatment of 


vermiculite with hydroxy-Al solution for eight days reduced the eth- 


ie surface 


ylene glycol retention fron 12.l to 8.9%; the spe 
creased again, he found, after removal of the Al with NaOH. Barnhisel 


(6) observed that the internal specific surface of montmorillonite 


and vermiculite systens decreased rapidly as hydroxy-Al was added, 
Hehra and Jackson (89, 90) have reported the specific surface for 


several other clay minerals. 


Differential Thermal Analysis of Clays 
Barshad (7) has reported that many soi] clay minerals undergo 
reactions upon heating, The most important reactiors of soil clays 
are the evaporation of inbibed and adsorbed water and loss of struct 
tural hydroxyl-groups as H,0. The application and interpretation of 
OTA patterns of soil clays are discussed thoroughly by Jackson (65), 
Barshad (7), Mackenzie and Bishui (83), Fieldes (39), Fiskell and 


Carlisle (44), Alexander et al. (2), and Hendricks and Alexander (57). 
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Infrared Analysis of Clays 


If Infrared radiation of a 


jen Frequency strikes a sample 


whose molecules have a vibrational frequency the same as that of the 


incident radiation, the molecule absorbs ra 


ant energy, and the 
energy of the molecule is increased. If the incident frequency differs 
from the characteristic frequencies of the molecule, the radiation 


passes through undi 


‘ished (80, 102), Lyon (80) has stated, in 
effect, that the whole essence of mineralogy lies in the subtle 


chemical substitutions which divide one mineral species from another. 


He noted it was often minor composi tional differences on which final 
decisions must be based, These differences are often not discernible 
by X-ray diffraction or only with other dominantly physieal observa~ 
tions, Infrared analysis has been treated in detail by several authors 
(33, 37, 41, 78, 95, 118). Cross (28) has listed several inorganic 
group frequencies. 

Hunt and Turner (64) observed that kaolinite, illite, and mont= 
worillonite were difficult to identify because the distinctive fea~ 
tures of their spectra overlapped in the wavelength region From 1,111 
to 833 cnt!, They also noted a characteristic double band for quartz 


at wavelengths of 800 and 781 cn“!, Tuddenham and Lyon (122) also 


observed this and another distinctive absorption band at 700 cn 
‘They also found the absorption bands for quartz increased in intensity 


as parti 


le size decreased. 


Lyon and Tuddenham (81) reported that the absorption at 3,704 em 
was found only in the kaolin group and such simple structures as 


brucite, They attributed t 


observation to O:H stretching frequen= 
cles associated with OH; the oxygen and hydrogen atoms being in two 


symmetrical layers in the brucite layer, They reported that absorption 
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at 4,819 cn”! was common to all micas and 3-layer minerals. Serratosa 


et al, (111) found four absorption bands for kaolinite at 3,695, 


3,670, 3,650, and 3,620 cm™!, The band at 3,695 cn“! increased in 


intensity with increasing angles of incidence and apparently corre 


‘sponds to hydroxyl bands in a direction nearly normal to the surface. 
The 3,620 cn”! band was assigned to hydroxyl groups directed to the 

unoccupied octahedral position. The other absorption bands at 3,670 
and 3,650 cm™!, they concluded, corresponded to OH which participated 
in hydrogen bonding between layers, Farmer (37) noted that the band 


at 3,697 cn”! arose from a dipole oscillation which was nearly per 


pendicular to the kaolinite shwets; the other three at 3,670, 3,652, 


and 3,620 cn! arose from a dipole oscillation nearly parallel with 
the sheets, 

Ledoux and White (79) expandad kaolinite with potassium acetate 
and hydrazine followed by deuteration. They found the absorption 


Frequency at 3,695 cn! shifted to lower values, but the intensity of 


the absorption band at 3,620 ent! was not affected by the treatment. 
The band at 3,695 cm”! was correlated, they reasoned, with predomi- 


nantly Inner surface hydroxyls with the dipole at right angles to 


the basal plane and the band at 3,620 cm”! was related to inner 


hydroxyls with the dipole inclined toward the empty octahedral sites, 


Weismiller et al, (128) examined the differential infrared spectra 
of Films of montmorillonite with artifically introduced interlayers. 


They noted such interlayers gave absorption bands at 3,695 and 3,570 


cn! of nearly equal intensities. The plechroism at 3,695 en’ 
indicated an orientation of many of the hydroxyls normal to the oxygen 


surface of the montmorillonite, The non-plechroic nature at 3,570 


indicated an orientation at a moderate angle to the oxygen sur~ 
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face for the balance of the interlayer hydroxyls. A decrease in 
Frequency from 3,570 to 3,600 en! upon drying was explained by 
dehydration and a closer association of the high frequency OH at 
3,695 ené! with the oxygen surface of the clay. 

Lyon and Tuddenham (81), on examination of the spectra due to 
Si-O and Al-Si-0 between 1,124 and 999 en”!, observed a diagnostic 
pair of doublets, The doublet at 935 and 909 cn”! was typical of 


Al=0-0H bonding of kaolinite and dickite, although only a 


gle peak 


at 909 cn! appeared for halloysite, 


Infrared spectras of soil clays 


Fieldes et al, (lil) investigated seven soils derived from 


rhyoli tic and andesitic volcanic ash; the infrared analysis was given 
for a sequence that increased with both depositional age and solum 
depth; this was from allophane 8, allophane A, metahalloysite, to 


kaolinite. Mejia et al, (92) reported an infrared study of the weather- 


ing sequence of allophane to halloysite In volcanic ash soils in the 


Colombian Andes, Mitchell and Farmer (93), studying amorphous clay 


ininerals in some Scottish soil profiles, found adsorbed water in 
clays that gave absorption bands near 3,333 and 1,667 cmt! arising 
from the stretching and bending vibrations, respectively. They stated 
that the anount of sorbed water in the mineral component of the soil 
clay has been taken as an indication of the anorphous alunino-silicates 
present. Deluunbrum (31), using infrared analysis of soi! clays from 

a Mississippi coastal terrace, found a very strong hydroxyl absorption 
maximum at 3,597 em”! in the colloid containing large amounts of 
amorphous alumina, He found the intensity of the absorption lessened 


as the substance was removed, OeMunbrum and Chesters (32) reported 
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that the infrared absorption spectra of allophanic soil concentrates 


from three 


consin podzol profiles showed the presence of unbonded 
hydroxyl groups by absorption at 3,571 cn™!, while the absorption 
maximum at 3,333 and 1,639 cn”! are indicative of hydration. They 
noted that the presence of an amorphous siliceous component was in= 


dicated by the silicate-stretching area between 1,111 and 909 cm” 


and some free opal was present from the slight absorption at 770 cnt !. 


They concluded, upon comparison of the soi 


clay with amorphous 
standards, that these soil clays were similar to amorphous metallic 


silicates and that the maximum at 1,429 en! 


was attributable to 
ferric silicates, Kunze and Bradley (75), from a study of tabular 


halloysite in a Texas soil, reported that the infrared pattern con- 


tained two major absorption bands at 3,690 and 3,620 cn“! attribut- 


able to hydroxyl-stretching absorption. They Interpreted the broad 
1 


anti-symmetrical stretching band in the region of 3,430 env! as 


"as the hydroxyls 


molecular water and an O-H flexion band at 915 en” 
bound to two Al atoms, DeMunbrun and Jackson (33) found that copper 
and zine saturation decreased the hydroxyl absorption intensity at 
3,571 ent! in montnorilionite, vermiculite, and kaolinite indicating 
reaction of these metals with octahedral hydroxy! groups. They noted 
the layer hydroxyl peak of kaolinite at 3,704 cn”! was not affected. 
They reported the Cu treatwent yielded an additional pair of peaks 
at 1,563 and 1,429 cn”! whereas, Al and Fe treatment tended to in- 
crease peak intensity at 3,571 on”!, Klages (73), studying the A 
and C horizons from a forning solodie soil, reported that both 


horizons were characterized by a strong hydroxyl stretching vibration 


at 3,630 cnr!, He attributed strong bands at 1,090, 1,040, and 1,020 
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cnr! to Si-O stretching vibrations; those at 918 and 880 on”! were 


assigned to R-OH bending, 


Concentration of Elements in 


Gamble et al. (50) reported that in the Panama-Colonbia study 


area the elemental concentrations are significantly different for 


geographic and genetic groupings. However, no difference was found 


in data between extracts of soil from Panama and Colonbia except for 
Hn indicating that the soils from both study areas were very similar. 


The signi 


icantly higher Mn concentration in the Colonbian soil 


extracts was attributed to the larger number of poorly drained 
Colombian soils. They also reported that mean elemental concentra~ 
tions between the principal food crops and between plant compartments 


in these crops are different, Few significant differences were re~ 


ported for corn grain, rice grain, and plantain/banana Fruit grown 
in Panana and Colonbia. Linear correlations analysis relating N, P, 
K, Ca, Sr, Mg, Fe, Mn, Cu, and Zn content of corn grain, rice grain, 
and plantain/banana fruit with those elanents in the soi] extract 


were also made. Significant regressions were found only between the 


following comparisons: soil Ca and corn grain Ca; soil N and rice 


grain N; soil P and rice grain P; and sofl Hn and rice grain Hn. 
Mineral concentrations in soil extracts and related plant com 
positional analysis for agricultural crops and indigenous vegetation 


in Darien Province and comparable areas have been reviewed extensively 


by Ganble (48) and are well docunented (8, 48, 54, 97, 120, 129). 
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Jon Distribution in Plant Roots 


In plant roots, types of ion fractions have been suggested by 


Brouwer (24) to be: ions in free space, exchangeable fons, and ions 


separated by menbrane tissue. 


Water Free Space 
The bathing solution is first brought into contact with the cell 
walls of the root epidermis, These walls are metabolically inactive 
and are exterior to the location where work against a concentration 
gradient takes place, The cellulose acts similar to a wet sponge in 
that the solution moves continuously by simple diffusion. This 
volume and other filled voids that are in equilibrium with the bathing 
solution are referred to as water free space (26, 36, 56). This space 


is approximately 10% of the root volume (36, 56). 


Exchangeable ons in Roots 
The primary constituents of the epidermal walls are cellulose 

Fibers and pectin materials, The latter are acid, having carboxyl 

groups which Tonize to give HY and an anion held in the wall structure 


(56). wit 


ms and Coleman (134) have stated that plant roots mai 


fest a HY ion swarm associated with solid-liquid interfaces In a 


colloidal system and interact with neutral salts with the development 
of exchange acidity, This system can be considered as a double layer 


of cations associated with the root surface. This character of the 


pectin materials creates a Donnan system for salt distribution and 
for this reason Briggs and Robertson (23) called this volume Donnan 
Free space of the root and this is in the order of 10 to 20% of the 


salt binding capacity of the root (56, 63, 77). 
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Donnan free space does not depend directly upon root metabolism, 
since the same results are obtained independent of temperature, with 


either living- or ether-killed roots (56, 134). 


jams and Colenan 
(134) denonstrated that the entry of cations into the double layer 
follows the type of lyotropic series observed with many inorgante 
and organic exchange materials. The lyotropie series in decreasing 


order of replacing ability are: HY Batt cat ng cst Rpt na,” 


Kt Nat Lit, Root tips and root hairs are the most active root por 
tions with surface exchange properties (134). 

In the measurement of cation-exchange capacity of roots, many 
workers have used H* as the saturating fon, Smith and Wallace (113) 
determined the cation-exchange capacity of citrus, avocado, beans, 
and barley roots by inmersing them from 60 sec up to 20 nin in dilute 
acid. Smith and Wallace (113) replaced the ions by electrodialysis, 
while Crooke (27) advocated the use of acid saturation of dried milled 
roots. These techniques are valid if the Ht measured was only from 
the root cation-exchange sites. Fiskel] and Brams (42) reported that 
Ht retention by the roots was the sum of HY in the free space and on 
the exchange sites. They also reported that the free space occupied 
by the acid after a relatively short interval may approach or surpass 


the amount attributable to cation exchange. 


Exchangeable ons and Uptake 


Drake et al. (34) contended that the differences in the ability 
of plants to take up cations from the soil are largely controlled by 
the root-exchange capacity and the valence of the cation, They also 


stated that, under many Field cond 


ions, the cation content of the 


plant material is largely determined by physical-chemical relations 


i 
between the root and soil colloidal systems. These ideas were supported 


by Wiersum and Bakena (131) when they demonstrated the capability of 


roots to exert a regulative Influence on the amount of mono- and di 
valent cations absorbed, They demonstrated this adaptive variation for 


several species by employing the roots of a single plant, using split 


root~systems in anberlite + cation mixture and anberlite + anion 
mixture, It was shown, by this system, that root cation-exchange 
capacity is increased in a medium where the root must compete with 


the resin for cations, while the exchange capacity 1s sonewhat lower 


In @ medium where only anions are available, McLean et al, (87) noted 


that root exchange capacities were related w their 


rogen content. 
This phenonenon might partially be described by the fact that Hiatt 
(59), working with excised roots of barley, reported that organic acid 


content of the roots was related to differences in cation and anion 


absorption, He found that when the rate of increase of anion uptake 
exceeded the rate of increase of cation uptake there was a decrease 
In organic acid content of the roots. 

Epstein (36) maintained that exchangeable surfaces or exchange 
spots on root surfaces are not identical with the entities involved 
in active transport. He noted that the anount of a given cation 


ed if an excess of 


absorbed on these exchange spots can be mini 
another cation Is present, preferably by one with more affinity for 
the exchange sites. He reported Initial exchange reactions not to 
be a necessary step in cation absorption, This is supported by 


Lagerwerff and Peech (76) working with Rb and Ca, Fri 


also indicated that ions are adsorbed by spe 
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of the root. They reported that only negligible anounts of the cations 
tested were adsorbed non-specifically. However, even with the most 
careful measurements, they found 2 large assortment of negative sites 


on roots most of which are not specifi 


the adsorption of cations. 
Fried et al, (47) concluded that cation-exchange values found for 
barley were ten-fold greater than the concentration of active adsorp 
tion sites determined. Olsen (98) supported the hypothesis that the 
driving force on an ion ts the electrochemical potential gradient 
extending at right angles through the periphery of the root and that 
the absorption process is actually a relatively simple diffusion 


process which is not affected by adsorption mechanisms. 


Barriers 
Brouwer (24) stated that the tonoplast and plasmalerma are 


impermeable to ions, Hendricks (56) favored the epidermal cells as 


the rate-limiting bar 


rs to salt entry into the root, Slatyer (112) 
reported that the endodermis served as a barrier to solute transfer. 
Bernstein and Haywood (11) suggested that the endodermis was the 
limiting barrier to solute transfer from the intercellular spaces 

and can accumulate solutes not required for normal growth. This is 
supported by Bowling and Spanswick (19) and Bowling et al. (18) who 
treated the root simply as a membrane separating the sap from the 
external solution, They identified this membrane in particular as a 


diffusion barrier at the endodermis. 


Sequential Extraction of Roots 


The complexity of the cation uptake by roots and the mechanism of 


this uptake have made it difficult to evaluate jonic relationships. 
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Franklin (46) determined the amounts of Ca and K absorbed by excised 
barley, corn, and soybean roots after a I-hour immersion in 1073 
chloride solutions of Ca and K, Cations were displaced by a series of 


successive rinses ranging in reaction from pH 2 to 12. He found a 


Significant linear correlation existed between the uptake of bath ca 


and K and the exchangeable i 


ns which were removed not by the first 
acid rinse but by subsequent rinses; multiple correlation coefficients 
ranged from 0.79 to 0.96. 


The effect of the time of immersion of roots 


1,0 N HCI on the 
removal of various ions was investigated by Fiskell and Brans (43) 
employing 9 sequence of 1,0 N HCI extractions. Exchangeable or easily 
replaceable cations were differentiated by a rapid wash with 1.0 N 
NHyCl prior to immersion times of 2, 7, 17, 37, 97, 277, and 1,000 
minutes in 1.0 N HCI. They noted that the internal cell-wall struc~ 
ture appeared to be unchanged from visual and microscopic inspection. 
They also found that 1,0 N NHyCI extracted appreciable K and Ca, 
whereas the first inmersion in 1.0 NHC] removed the greatest amount 
of Cu, Ua, and K in the acid sequence; Fe, Al, and P were incompletely 
extracted and were highest in many cases in the ash of the roots 


after the extraction sequence. The diagnostic use of these desorption 


analysis was suggested by these authors for study of ions in the 
symplast as a process of diffusion and for regression relationships 
between leaf and root analysis. Fiskell and Leonard (45) established 
linear regression relationships between root and soil Cu; extractants 
employed were water, 1.0 NNH,ORc at pH 4.8, and 1.0 N HCI, They 
reported Cu content of the roots increased proportionally to the 
anount of Gu applied in fertilizer. Foliar Cu-deficiency symptoms 


were noted where root Cu was less than 3 ppm of the fresh weight and 


Cu extracted with 1,0 N-HCI was less than 2 ppm in the soil. 
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In work by Brams and Fiskell (22) soil analysis and corresponding 
root extraction analysis for Valencia oranges on rough lemon root- 
stock were generally not found to be significantly correlated, The 
lack of correlation was attributed to the fact that five months lapsed 


after the last fer 


ization and to a lack of appreciable rainfall 
two weeks prior to sampling. They further stated that under condi tions 
of more recent fertilization and higher sot! moisture content, whether 
from rainfall or irrigation, the soil supplying power to the roots 
would be expected to be more efficient and thereby reduce the root= 


composition variability. 


MATERIALS AND METHODS: 


Root, Leaf, and Soi! Sampling 
and Analysis 


Sample Locations and Collection 


The experimental locations were 


Darien Province of Panama 
located From 8°15' to 9°00' north latitude. The sampling was ini- 
tiated in Hay, 1967, and terminated in Septenber of that year. Leaves, 
feeder roots, and the soil adjacent to the roots of two agricul tural 
crops were sampled, These were jaraguagrass (Hyparrhenia rufa Nees.) 
from fertilized field trials (51) and corn (Zea mays L.). In addition 
heliconia (Heliconia spp.) an indigenous, secondary-grouth species, 
described by Smith (114) and which is found in slash-burned areas 


immediately following agricul tural production was sampled, 


Samples were collected of the above species occurring at 12 
locations (Appendix Table 53) in the Bicenvironmental Safety-Feasi- 


bility Study area. 


Sample Collection and Preparation 


Root and soil sample collection and preparation 


Healthy feeder roots were sampled from the surface soil to a 
depth of 12 em at two or more sites at each location (Fig. 2), Root 
concentration was greatest at this depth from observation of pits dug 
at several sites, The soil immediately adjacent to the root was taken 
a5 the soil sample, The roots and adjacent soil were collected with 


a machete and approximately 1,500 g were placed in polyethylene bags. 
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After returning to the field laboratory at Santa Fe, the roots 


were separated manually from the soil, placed in a sieve and washed 


with tap water until free of soil particles, About 1,000 9 of the 
damp, sieved sot] were collected for each sample, stored in poly- 
ethylene bags, and labeled corresponding to the root sample. The 
sols shipped to the University of Florida were air-dried, ground to 
pass a 2-nm sieve, mixed, and stored until used, 
Leaf collection and preparation 

Leaf samples were collected from the sane plants as the root 
samples. Corn leaves were sampled by collecting several leaves 
located at approximately two-thirds the height of each plant, Jaragua- 
grass was sampled by randonly cutting areas of one square meter. 
Heliconia was sampled by taking leaves located about two-thirds the 
height of each plant and cutting sections six inches in length from 
the edge to the mid-rib of the leaf, Leaf samples were air-dried, 
stored in paper bags, and shipped to Panana City. Upon arrival there, 
the samples were oven-dried at 70C, ground to pass a 4O-mesh screen, 
sealed in polyethylene bags, and labeled corresponding to the root 
samples. 
Root extraction 

Young, lateral roots approximately 3-em long and I= to 2mm in 
dianeter were excised from the previously washed root mass. The roots 
were then rinsed with deionized water, blotted dry on paper towels, 
weighed, and transferred to 95-ml polyethylene tubes. 


The sequenti 


1 desorption procedure developed by Fiskell and 
Brams (42) was used In two steps. In the first step, 50 ml of 1.0.N 
NH,CI were added to the roots and shaken for 30 seconds. The solution 


was drained into separate centrifuge tubes and designated as extract 
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(1). The roots were inmediately rinsed with deionized water to remove 
excess NH,CI. In the second step, 50 ml of 1.0 .N HCI were added and 
the roots intermittently shaken for 30 minutes, This solution was 
drained immediately into a centrifuge tube and designated as extract 
a. 

Each root extract was filtered through Whatman No. 42 Filter 
paper. Thirty ml of the filtrate from root extraction (1) were placed 


in a 50-ml volunetric flask. Four ml of concentrated HCI were added, 


made to volume with deionized water, shaken, placed in 70-ml poly~ 
ethylene vials, and sealed. Thirty ml of root extract (11) were 


placed in a 50-ml volunetric Flask, brought to volune 


h1.0N HCI, 
transferred to other vials, labeled, and capped, Root extracts 1 and 
Il were stored in the approximately 1.0 N HCI to prevent bacterial 
growth, 


The roots were then enclosed i 


leak-proof vials containing 5 ml 
of 1.0.N HCI for shipment to the laboratory at the University of 
Florida. Upon arrival the contents were transferred to quartz dishes, 
heated for one hour at 300C, and two hours at S75C. The ash was 
dissolved in 5 ml of hot 1.0.N HCI, Filtered, washed with 5 al 1.0 N 
HCI, and brought to a volune of 100 ml with distil led-deionized 


water. These samples were designated as extracts (111), The combined 


root composition from extracts 1, 11, and 11 was designated as 
extract (IV), The root-ash residue was dried at 105C, weighed, and 
recorded as insoluble residue, The residue and filter paper were 


ashed, dissolved in 5 ml of perchloric acid, evaporated to dryness, 


and redissolved in 10 ml of 1,0 N HCI and made to 100 ml with distilled~ 
deionized water and designated as extract (V). The remaining residue 
was dried at 105¢, weighed, and recorded as perchlorate~insoluble resi- 


due. 
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Soil extraction 

Fifteen grams of damp soil were transferred to a 90-ml poly- 
ethylene tube, Fifty ml of 1.0 NNH,CI were added and the soi! was 
shaken intermittently for one hour. The suspension was filtered 
through Whatman No, 42 filter paper and the filtrate collected in 
90-ml polyethylene centrifuge tubes, Thirty ml of the soil extract 
were transferred to a 50-ml volunetric flask, / ml of concentrated 
HCI added, and the solution made to volue with deionized water. The 
soil extracts were placed in 70-ml polyethylene vials, stoppered, 
labeled, and designated as soil extract (1). Soil was extracted with 
1,0 NNH,CI instead of NH,0Ac at pH 4.8, which is an extracting 
solution more commonly used. The reasons for using 1.0 NNH,CI were 


the necessity and desirability of having an extracting solu 


which could be acidified to prevent bacterial growth and one which 
did not drastically change the soil pH during extraction. 
Wet~ashing of selected soils 


‘An experiment was designed to measure the possible effects of 


contamination of soil adhering to roots, after washing steps on the 
composition of roots. The soils listed in Appendix Table 55 were 
moistened to a paste consistency on filter paper, dried, weighed, and 
ashed as described for the ashing of root samples. The ash was 
extracted with 1.0 N HCI and perchloric acid as mentioned above for 


insoluble root re: 


jue. The extract was des 


ynated as soil wet-ashing 


extract. 


Leaf extraction 


Two grams of leaf sample were transferred to Pyrex beakers and 


heated gradually to 550C. The material remained in the furnace until 


a grey ash was obtained. After ashing, the sample was allowed to cool, 
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an excess of concentrated reagent-grade HCI was added, and the excess 


evaporated by careful heating. The residue was then reheated to 


550C in the furnace for 1-2 hours or until the residue was white, If 


the resi 


lue was not white after extended heating, it was cooled and 
2 few drops of 25% HNO, added. The residue was dried and reheated to 
550C. After cooling, | ml of concentrated HCI was added and the 


solution made to a volume of 100 ml with dist!!led-deionized water. 


Soil Physical Analyses 
Soil particle-size distribution 


Particle-size distribu 


n was measured after dispersing 25 9 of 
air-dried soil in solutions of 5% sodium hexametaphosphate (Calgon). 
The particle-size separations were made using the hydrometer method 
as described by Day (29). 
Soil-water retentivity 

Water retentivity was measured at 0.33 and 15 bars using the 


pressure-plate apparatus as described by Richards (109), 


Soil Chemical Analyses 
Soil pl 


The soil pH was determined by transferring 20 ml of deionized 
water and 10 9 of damp soi! to a 50-ml beaker. The mixture was 
stirred intermittently for one hour, The pH was then read using a 
standard glass-electrode assenbly and meter. The meter was standard= 


trate 


ized with buffer solutions at pH 4 and 7 (101). The pl of the 
from the soil extract was determined as described above, 
Soil organic matter 

Organic matter was determined in duplicate using 0.5 9 of oven= 


dried soi} and o 


ized by chromic acid in H,S0, with heat of dilution. 
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The Walkley-Black method for organic matter was used with the modifica 
tion of Schollenberger deseribed by Jackson (66) to compensate for 
the effect of higher Hn oxides. 
Titratable exchange acidity 

Exchangeable acidity was determined on 10 g of air dry soil 

utilizing the barium chloride-triethanolamine method described by 
Peech (100) and calculated as meq per 100 g of sotl. 


Soil cee 


The cation-exchange capacity (CEC) was determined at pH 4.8 and 
8.2, Five grams of air-dried soil were placed in 90-ml centri fuge 
tubes. The Na saturation of the exchange sites was achieved by wash 
ing three times with 50-ml aliquots of 1,0 .N Na acetate (NadAc) 
buffered either at pi 4.8 or 8,2 and followed by a 30-ml aliquot of 
1,0 N Wai solution, The soil samples were stirred thoroughly, 
centrifuged, and the supernatant discarded after each wash. The 
excess ions were renoved by washing First with distiled-deioni zed 
water and then 99% ethanol. The washing was continued until the 
conductivity of the supernatant was less than 4.0 x 10°3 nillinhos 


measured 


h a Barnstead 70 BC, conductivity bridge and a Yellow 
Springs 3403, conductivity cell with K= 1.0. The Nat fons were 
effectively removed by suspending the clay in 30 ml of 1.0 N NH, 
acetate (WHy0Ac) at pH 7.0 using a rubber-tipped stirrer run at high 
speed to achieve thorough mixing. The clay was separated by centri f= 
ugation and the supernatant decanted into 9 250-ml volunetric Flask. 
The clay was washed twice more with 30 ml aliquots of 1.0 M NH, 
acetate. The supernatant was added to the previous extract and 
brought to volume with distilled-deionized water and shaken well. 


Seventy-five ml of this solution were transferred to plastic 
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for Na determination, This procedure was that described by Chapman 


(25) with modi 


ications in the washing mixtures, saturating techniques, 
and conductivity measurement, The CEC is expressed in meq Na* per 

100 g at pH 4.8 and 8.2 

Soil extracts 


Soil ca, 


Calcium was determined directly 


the 1.0 N NHI 
solution for soil extract | and the 1.0 N HCI solutions for the soil 


extracts from wet-ashed soils by atomic absorption (AA) spectroscopy. 


A Perkin-Elmer 303, atomic absorption instrument was used employing 
‘an air-acetylene reducing flame. Standards were made in the same 
reagents as the soi] extracts, Analytical concentrates (J. T. Baker 
Chemical Co. Dilut-IT) were used for the preparation of standards 
at 0, 2, 4, 6, 8, and 10 ppm Ca including the addition of 0.5% of 
Latly. The Ca-absorption values were read directly at a wavelength 
of 4,227. 


Soil sr. 


Strontium was determined directly from soil extract | 


by atomic absorption spectroscopy. Standards were prepared, in the 


same reagent as the soil extracts, at 0, 1, 2, 3, 4, 5 ppmof Sr. 


A reducing flame was used and the values read directly at @ wavelength 
of 4,607A, 

Soil Ha.--Magnesium was determined directly from soil extract | 
and the wet-ashed soi] extracts by atomic absorption spectroscopy. 
Standards were prepared, in the sane solution mixtures as the soil 
extracts, at 0, 0.5, 1.5, 2.0, 2.5, and 3.0 ppm of Ng with the 
addition of 0.5% LaCly, A reducing flane was used and the values 
read directly at 9 wavelength of 2,852A, 


Soil Fe.--tron was determined directly fron soil extract I and 


the wet-ashed soil extracts by atomic absorption spectroscopy. 
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Standards were prepared, in the same solution mixtures as the soil 
extracts, at 0, 0.5, 1.5, 2.0, 2.5, and 3.0 ppm of Fe. A oxidizing 
flame was used and the values read directly at a wavelength of 2,483A, 


So 


Ma, 


Manganese was determined directly from soil extract | 


by atomic absorption spectroscopy. Standards were prepared, in 1.0 N 


NH,CI, at 0, 0.25, 0.50, 0.75, and 1.0 ppm of Hn. A oxidizing flame 


was used and the values read directly at a wavelength of 2,801A, 


Soil 2n.--Zine was determined directly from soil extract | by 


atomic absorption spectroscopy. Standards were prepared, in 1.0 N 


NH,Cl, at 0, 0.5, 1.0, 1.5, and 2.0 ppm of Zn, A oxidizing Flame was 
used and the values read directly at 3 wavelength of 2,138A, 


Soil Cu.--Copper was determined directly from soil extract | by 


atonie absorption spectroscopy. Standards were prepared, in 1.0 N 
NC, at 0, 0.25, 0.50, 0.75, and 1.00 ppm of Cu. A oxidizing Flane 
was used and the values read directly at a wavelength of 3,247A. 

Soil Fe, Hn, Zn, and Cy enrichnent,--Soi! extract | contained 
insufficient Fe, Hn, Zn, and Cu for normal detection in the soil 


extract solution, A 25-ml aliquot of soil extract | was placed in an 


evaporating dish and taken to dryness with a few ml of concentrated 


Ho, added to permit decomposition of NHyC1. The renaining salts 
wore taken up in § 1 of 0.1 N HCI and analyzed by the sane methods 
described In the above with the exception that standards were made in 
o.1 NHI. 


Soil P.--Phosphorus was determined by the chlorostannous and 


reduced molybdophosphoric method ina sulfuric acid system as described 
by Jackson (66). Phosphorus was determined in soil extract (I) using 
Seml aliquots. The transmittance was measured at 660 mp by a Beckman 


8 spectrophotoneter, Standards, using reagents corresponding to the 
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extracting solution, were prepared at 0, .1, .2, .3, .4, and .5 ppm 


of P, The standard curve obeyed Beer's law. Phosphorus concentrations 
in the extracting solution were obtained from the standard curve and 


appropriate dilution factor. 


Soil K.--Potassium was determined directly from aliquots of the 


soil extract (1) by Flane emission spectrophotonetry using the Becknan 
Du instrument employing an oxygen-hydrogen flame, The emission was 
read at 768 my. The K standards were prepared, in 1.0 N NH,CI made 
to 1.0 N with respect to HCI, at 0, 4, 8, 12, 16, and 20 ppm. The 


concentrations of K in each were obtained from the plot of percent 


sion and ppm of K and then corrected for sample dilution, 


ceC 


of the extracts by flame photonetry using a oxygen-acetylene Flane. 
The Na emission was read at 589 mi. The Na standards were prepared, 
in 0.5 MMH,OAc, at 0, 30, 50, 80, 100, 120, and 150 ppm. The con 
centration of Ha in each was obtained from the plot of percent 


emission and ppm of Na and then corrected for sample dilution. 


Root Chemical Analysis 


Root extracts 


Root Ca, Sr, Ma, Fe, Mn, Zn, and Cu. 


111 were analyzed for Ca, Sr, Mg, Fe, Mn, Cu, and Zn, These elements 


Root extracts 1, 11, and 


were determined direetly in the extracting solution by atomic absorp- 
tion spectroscopy. Standards for extract | vere made in a 2:5 mixture 
of 1.0.N NMjCI and 1,0 N HCI. Standards for extracts I] and 111 were 
prepared in 1.0 N HCI. The standard curves, type of flame, and wave- 
length were the sane as that deseribed above for soil extracts. Cal~ 


culations were made on fresh weight basis. 
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Root 


Phosphorus was determined on extracts 1, 11, and 111 
utilizing the Becknan 8 spectrophotoneter. Standards for extract | 
were made in the mixed solution described above, Standards for 
extracts 11 and 111 wore prepared In 1,0. N HCI. The standard curve 
and wavelength are the sane as that deseribed under soil P. Calcula~ 


tions were made on a fresh weight ba 


Root K.--Potassium was determined directly from aliquots of root 


extracts 1, 11, and 11] by flame photometry. Standards for extract 1 


were made, in the mixed N NHyCI and NHC! solu! 


ny at 0, 5, 10, 15, 
and 20 ppm of K. Standards for extracts 11 and 111 were prepared in 
1,0 N HCI at 0, 5, 10, 15, 20, 30, and 50 ppm. The Flane and wave 
length are the sane as that described under soil extracts. Calcula- 


tions were made on a Fresh weight basis. 


Leaf Analysis 


Leaf extracts 


Leaf Ca, Ma, and Zn,--The concentrat: 


Wns Of Ca, Mg, and Zn were 
determined by Stewart Laboratories, Knoxville, Tennessee using a 
Beckman atomic absorption instrument. Description of the technique 
was reported by Gamble et al. (50). 


keaf Sr, Fe, Hn, and Cu,--Analyses for Sr, Fe, Hn, and Cu were 


also made by Stewart Laboratories by optical emission spectroscopy 
using a Bausch and Lomb quartz prism instrument. Description of the 


technique was reported by Ganble et al. (50). 


heat K. 


Potassium was determined directly from aliquots of the 
leaf extract by flame photometry. The standard curves, flame, and 


wavelength are the same as described for root extract III. 
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Properties of Soil Clays and Bentonite 


Sample Selection 
Eight of the soils from Panama (Fig. 3) were selected for detailed 


study of the clay frac 


ns. These were considered to be representative 
of the major soil groups encountered in the field sampling, Appendix 
Table 45, Soil was taken at 0 to 12 cm In depth at these sites and 
brought to the laboratory as described previously. Location of these 


soils and some of their properti 


are reported In Table 1, As a 


reference, Wyoming bentonite (Ward's No. 25) was included in the study. 


Sample Preparation 


After dispersion with 0.5% hexametaphosphate, silt and clay 


frac 


ns of the particle-size analyses were collected in 2-liter 
Flasks. The fractions were concentrated by sedimentation, the excess 
liquid siphoned off, and the sediment transferred to 600 ml beakers. 
Free carbonates were removed by addition of 200 ml of 1.0 N NaQAc, 
buffered at pH 5.0 and allowed to stand for 12 hrs. The excess Niquid 
was again siphoned off after sedimentation had taken place and organic 
matter oxidized with Hy0. as described by Kunze (74). 

Following the removal of both soluble salts and organic matter, 
the sample was dispersed with 2% NagCOs and washed through @ 200-nesh 
sieve, The less than 2p fraction was separated by centrifuging as 
described by Whittig (130). Clay samples were placed in 90-ml poly~ 
ethylene centrifuge tubes. This clay was designated as treatment 


(C) and the clay saved for “further treatment. 


Clay Extractions 
Dithionite-citrate extraction 


‘The clay samples from the above sample preparation were treated 


SOILS, MAP 
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Fig. 3.--General soils map of 0s 


province located 
in eastern Panama, The inset numbers refer 
to locations of samples taken for clay 
characterization where 1 is Patino, 2 is 
Yeviza, 3 is Santa Fe, 4 is Trocha, 5 is 
Rio Sabana, 6 is Rio Lara, 7 is 
and 8 is Rio Chico. 


Source: Original map by Gamble and Ah Chu 
(50). 


Chucunaque , 
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for the removal of free iron oxides. The method enployed was essen- 
tially the sane as that described by Kunze (74) and-Nehra and Jackson 
(91). The clay was transferred to 90-ml polyethylene tubes, Forty 
nl of 0.3 M sodium citrate solution and 5 ml of 1.0 N sodium bicar= 
bonate were added to the sample in the tube, These tubes were placed 
in a water-bath, heated to 80C, and 1,0 g of solid sodium dithionite 
added to each, After 15 minutes of intermittent stirring with 2 
polyethylene-covered rod, the tubes were renoved fron the bath, and 
the clay precipitated by centrifuging. The clear supernatant was 
decanted into  100-ml volunetric flask. The clay was resuspended in 
30 ml of disti!led-detonized water and stirred using a rubber-tipped 
stirrer run at high speed to achieve thorough mixing. The clay was 
separated by centrifugation. The supernatant was added to the previous 
extract and brought to volume with disti)led-detonized water and 


shaken well. Seventy~ 


ive ml of this solution were transferred to a 


plastic vial and designated as clay extract (1). The clay remaining 
was designated as treatment (Cp). 


Sodium hydroxide extraction 


The clay remaining after the above dithionite-citrate treatment 


was heated to nearly 100C in a boiling water-bath. Fifty ml of bo 


ing 0.5 N sodium hydroxide were added to the clay and stirred intermi t= 


tently for a period of five minutes which is a slightly modified 
procedure for the renoval of amorphous aluninosilicates, hydrous silica, 
and alunina described by Jackson (68) and has been used by Kashirad 


et al. (70). The tubes were removed and the reaction quenched by 


placing the tubes in a cold-water bath. The clay was separated by 
centrifugation and the supernatant decanted into a 100-ml volumetric 


flask, The clay was resuspended in 30 ml of distilled-dionized water 


oy 
using @ rubber-tipped stirrer run at high speed. The clay was sepa- 
rated again by centrifuging, the supernatant added to the previous 

extract, brought to volune with distillededeionized water, and shaken 


well, Seventy= 


fe ml of this solution were transferred to a plastic 
vial and designated as clay extract (11), 


Sodium dit! 


nite-citrate, as described abovet, was added to the 
clay. The clay was separated by centrifugation and the supernatant 
decanted into a 100-ml volumetric Flask. The clay was resuspended 
in 30 ml of distilled-dejonized water using a rubber-tipped stirrer 
run at high speed. The clay was separated by centrifugation, The 


supernatant was added to the previous extract, brought to volume with 


distilled-deionized water, and shaken well. Seventy-five ml of this 


solution were transferred to a plastic vial and designated as clay 
extract (111). The clay renaining was designated as treatment (C3). 


Acid ammonium fluoride extraction 


The clay remaining after the above sodium hydroxide and di thion’ te- 
citrate extractions were treated with a procedure designed for removal 
of interlayer materials. The reagent was 0.1 N HCI + 0.4 W NH,F + 

1,0 WNH,CI as described by Rich and Singh (108). The procedure was 
modified by allowing 40 ml of the reagent to remain in contact with 
the clay and intermittently stirred for 10 minutes. The clay was pre~ 
cipitated by centrifuging and the clear supernatant decanted into a 
loo-mt volumetric Flask. The clay was resuspended in 30 ml of 1,0.N 
NiC1 and stirred using a rubber-tipped stirrer run at high speed to 
achieve mixing, The clay was separated by centrifugation and the 
supernatant added to the previous extract. This was brought to 


volume with distilled-deionized water and shaken well, Seventy-five 


ml of this solution were transferred to a plastic vial and designated 


4S 
as clay extract (IV). The clay remaining was designated as treatment 
(C4). The four sequential clay-extraction steps were repeated 
several times because of the large quantities needed for various 


analyses. 


Clay Physical Analyses 
Wei ghing 


Duplicate samples consisting of 25-ml aliquots of the original 


clay suspension were placed in 90-ml centrifuge tubes. The clays were 


given the same sequential extraction treatments described previously. 


Samples were transferred to weighed plastic vials and the vials placed 
in an oven at a temperature of 4OC for one week, The vials were taken 
from the oven, placed in a desiccator containing silica gel and weighed 


after coo! 


1g tO room temperature, The weights were deter 


treatments C), Cy, C3, and ¢ 


‘Thermogravimetric analysis 


Duplicate samples of treatments C, and Cy were transferred to 
weighed beakers. The samples in the beakers were placed in an oven 
at a temperature of 105¢ for 48 hours. The beakers were taken fron 
the oven, placed in a desiccator containing silica gel, and weighed 
after cooling to room temperature. These sane sanples were placed 
again in the oven at a temperature of 2006 for 4B hours. The beakers 
were then taken from the oven, placed in the desiccator, and weighed 


after coo 


19 to room temperature. The percent loss in weight was 
calculated, 


Differential thermal analysis 


Clay treatments Cy, Co, C3, and C, were dried at 4OC for 2 


period of one week. A 135-mg portion of this clay was mixed 
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167 mg of asbestos which had been fired at 1,000C and passed through 
a hammer-mill fitted with a fine screen. This mixture was then 
ground in an agate mortar until visually homogenous, The mixture 
was transferred to one of the four sample positions in the insert 
holder for the OTA apparatus and gently tamped into place using the 
packing tool. In the paired reference holder, the fired asbestos was 
tamped similarly. All four clay treatments were run simul taneously 
with clay treatments ¢), C), C5, and Cy placed in sample holders 1, 
2, 3, and 4, respectively. Standard clay minerals used were Ward's 
kaolinite No. 4, Ward's halloysite No. 12, and Ward's bentonite No. 25. 
The standard clays were run ina similar manner as that above for the 
soil clays. Four pairs of DTA comparisons were used in this Delta~ 
therm nickel assembly. Each pair was connected to a transistorized 
circuit, run at 25% sensitivity, using a heating rate of 10¢ per 
minute from room temperature, usually 23¢, to 900C, Endothermic 
reactiom from 50 to 200 and 200 to 900C were measured by tracing 
the endothermic peak patterns on glazed weighing paper of uniform 
texture and weight, cutting out the endothermic trace, and weighing. 


Use of the slope ratio of the endothermic peak sides as an index of 


kaolinite and halloysite were made as described by Bramao et al. (21) 


‘and Dean (30). The tangents to the angles made with the 


ides of the 


peak and the perpendicular are represented by the terms ‘a! and 'b!. 


-ay-di fraction patterns 

A portion of clay treatment C1, Cp, C3, and C,, were prepared for 
X-ray-diffraction patterns as recomended by Whittig (130). Aliquots 
of clay treatments C), Cp, C3, and Cy, were transferred to 90-ml 


centrifuge tubes and Mg saturated, Magnesium saturation was initiated 


ay 


by adjusting the pH of the suspension to between 3.5 and 4.0 by adding 


0.1 N HCI drop-wise with sticr 


9. Ten ml of 10 N Hg( Okc)» were added 
to the suspension, The suspension was stirred rapidly with @ rubber- 
tipped stirrer and the clay precipitated by centrifugation. The clear 
supernatant was discarded and the exchange-saturation step completed 

by washing the sample two tines with 20-ml aliquots of 1.0 N Mg(OAc) » 


and two times 


th 20-ml aliquots of 1.0 N MgCl. After exchange 


saturation was complete, the excess salt was renoved from the sample 


by washing with mixtures of distilled-deionized water and ethanol. 
Washing was continued until the conductivity of the supernatant was 
Jess than 4,0 x 1073 millimhos, Approximately 2 ml of distilled= 
deionized water and 2 drops of glycerol were added to the Mg-saturated 
clay. The sample was thoroughly mixed to facilitate glycerol 


solvation. 


Potassium saturation was acl 


ved by first transferring an 


aliquot of the clay suspension to 90-ml centrifuge tubes, The clay 


was then flocculated by the addition of 30 ml of 1.0 N KCI and stirred 


rapidly with a rubber 


pped stirrer. The suspension was centri fuged 
and the supernatant solution discarded, The exchange saturation was 
conpleted by washing the sample four tines with 20-ml aliquots of 
1.0.N KCI, After exchange saturation was completed the excess salt 
was removed from the sample by washing with mixtures of distilled= 
deionized water and ethanol. Washing was continued until the condue- 


c 


ity of the supernatant was less than 4,0 x 1073 millimhos, Approx- 
imately 2 ml of distilled-deionized water were added to the K-satu- 
rated clay and stirred thoroughly. 

Oriented aggregate specimens were formed directly from the Mg- 


saturated, glycerol~solvated and K-saturated clays by pipetting sone 
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of each suspension on a glass microscope-cover slip. The suspension 
was allowed to dry at room temperature without disturbance to obtain 


ntation of the clay particles. 
The prepared slides were processed for the X-ray-dif fraction 
patterns using @ Phillips Norelco diffractometer with Cu Keg radia= 
tion and a Geiger tube detector. Operating conditions for this 
instrument were a current of 16 ma at @ setting of 40 ky with 1,500 V 
fon the Geiger tube, The sensitivity was 1x2x50 counts per second. 
The scanning speed was 1° per minute and a chart speed of 2.5 em per 
minute. The angles were converted to angstrom units (A) From charts 
prepared by Virginia Polytechnic Institute (126) and by X-ray-di ffrac~ 


tion patterns of Ward's kaolinite No. 4 and Ward's bentonite No. 25. 


The X-ray instrument was calibrated using the 3.35 A line of quartz 
as the standard, 
Infrared spectrometry analysis 


The absorption in the infrared region of the clay minerals was 


examined 


ha Perk 


i-Elmer 700 IR, spectrophotoneter. Sodium- 


saturated clays were dried at 40C and pulverized ina mortar. A 


mixture consisting of 0,5 mg of the ground Na~saturated clay and 50 mg 


of spectroscopic-grade KBr was used to forma transparent pellet. 


This pellet was formed using a KBr mini-press as described by Perkin= 
Elmer (102). Pellets were prepared and scanned (From 4,000 to 650 


en™!) for clay treatments Cy, Cy, C3, and Cy, Ward's kaolinite No. 4 


tate Interpreta~ 
1 


and Ward's halloysite No, 12 were scanned to fac 
tions. The percent transmittance was adjusted to 80% at 2,000 cm” 


for each pellet before scanning. The scan speed was eight minutes 


From 4,000 to 650 em™!, The instrument was calibrated by scanning a 


standard polystyrene Film from 4,000 to 650 cnt! 


Specific surface 
Portions of clay treatment C), C2, C3, and C, were transferred 
to 90-ml polyethylene centrifuge tubes and Ca saturated, Calcium 
saturation was achieved by adding 30 ml of 1.0 N CaCl, and stirring 
rapidly with a rubber-tipped stirrer, The suspension was centrifuged 
and the supernatant liquid discarded, The exchange saturation was 
completed by washing the sanple two more tines with 1.0 .N CaCly. 
After exchange saturation was completed, the excess salt was renoved 
From the sample by washing with mixtures of distilled-deionized water 
and ethanol. Washing was continued until the conductivity was less 
than 4,0 x 1073 millimhos. The clay was resuspended with approximately 
5 ml of distilled-deioni zed water and transferred to weighed plastic 


vials. The vials were placed in an oven and dried at 40C for two 


days. Specific surface was determined as reconmended by Hort land 
and Kemper (96). The samples were removed from the oven and placed 
in a vacuum desiccator containing 250 9 of P05, The desiccator 

was evacuated by applying @ Cenco Hyvac, vacuum pump for one hour. 
The stopcock was closed and the sample left in the desiccator for 

12 hours or until a constant weight was obtained, The sample was 
wetted with glycol by distributing the liquid drop-wise fron a 
pipette and warming for a few minutes in an oven at 40C, The samples 
were placed in a desiccator over 200 9 of CaCl,-glycol solvate and 
the desiccator evacuated by applying the vacuum pup for one hour. 
After 24 hours the vacuum pump was used again for 30 minutes to 
remove foreign vapors. After 48 hours the vacuum was released and 
the samples weighed. The samples were returned to the desiccator 
after weighing and the vacuum applied for 30 minutes. This operation 


was repeated at 12-hour intervals until a constant weight was obtained. 
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Clay Chemical Analyses 
Clay CEC 


‘The CEC of the clay was determined at pH 4.8 and 8.2 for treat 


ments C}, Cp, C3, and Cy. An aliquot of the clay suspenston was 
placed in 90-ml centrifuge tubes and the cation-saturation procedure 
described under soil CEC was employed. 

Clay extraction 


Clay Fe.--Iron was determined directly from clay extracts 1, II, 


111, and IV by atomic absorption spectroscopy. Standards were pre~ 
pared at 0, 4, 8, 12, 16, and 20 ppm of Fe in 0.12 4 Na citrate + 


0.05 N Na,HCO, + 1.0 9 of solid Na,S,0, for clay extracts | and 1115 


3 
0.25 N NaOH for clay extract 11; and 0,2 NNH,F + 0.5 NNH,CI + 0.05 N 
HCI for extract IV. An acetylene-air oxidizing Flame was used and 


the values read directly at 2,483. 


Clay Al.=-Aluminum was determined directly from clay extracts 1, 
11, 111, and IV by atomic absorption spectroscopy. Standards were 


prepared in the sane solution mixtures, as the clay extracts for 
Fe determination, at 0, 30, 50, 80, 100, 150 ppm of Al. A nitrous 
oxide-acetylene Flame was used and the values read directly at @ 
wavelength of 3,093A, 

Clay $i.--Siticon was determined directly From clay extracts 1, 
11, 111, and 1V by atomte absorption spectroscopy. Standards were 
prepared in the sane solution mixtures, as the clay extracts for Fe, 
at 0, 30, 50, 80, 100, and 150 ppm of Si. A nitrous oxide-acetylene 
Flane was used and the value read directly at a wavelength of 2,516A, 
Clay cc 


Clay Na.--Exchangeable Na was determined directly from aliquots 
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of the NH,0Ac extracts by flame photometry. The sane instrument set~ 
tings were used and the standards prepared in an identical manner at 


the same concentrations as described under soil Na. 


Clay Cl.--Chloride was determined directly from aliquots of the 
NigOAc extracts by a specific ion electrode for Cl. A pH meter 
(Sargent, Hodel OR) and chloride electrode (Beckman Orion, Model 94-17) 
coupled with a calomel reference electrode were used. Standards were 
made in 0.5 NNHyOAc at 0, 10°5, 104, 1073, 1072 and 10°! HM of cl. 


Chloride concentration was determined by plotting chloride against emf 


fon S-cycle log paper. 


Fluoride was determined directly from a 


Clay F. 


quots of the 
NilyOAc by a specific ion electrode for F. Standards were made in 0.5 
NNiyOAc 2t 0, 0.1, 1, 10, 100, and 1,000 ppm of F. Flouride con~ 
centration was determined by plotting F> against enf on S-cycle log 


paper. 


Correction Factors 


Estimation of Root Contamination 
The molar concentrations of Fe, Ca, and Mg that were insoluble 


in 1.0. N HCI but soluble in perchloric aci 


were determined. An 
estimation of soil contamination was made (Appendix Table 55) by 

determining the molar concentrations of Fe, Ca, and Mg in root extract 
V and the soil wet-ashing extraction of the perchlorate residue. The 


following equation was employed for this estimation. 


Estimated contamination = -S-x 100 od 
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where R is the sum of Hg, Ce, and Fe in root extract V expressed in 
moles x10" per 100 g and $ is the sum of mean Mg, Ca, and Fe in the 
soil wet-ashing extraction expressed in moles X10" per 100 9. 

A correction factor was not applied to the data because the 
(Wg + Ca):Fe molar ratios for root extraction V was 0.10 conpared to 
0.76 for soil wet-ashing extraction and the average estimated contam 
ination was only 7.65%. The large difference in the (Mg + Ca):Fe 
molar ratios indicated that substantial anounts of the Fe measured in 
root extraction V are probably Fe precipitated efther on the root 


surface or in the root and not from soil contamination. This would 


result in an exaggeration in calculated contamination, 


Estimation of the Effect of F on CEC 


‘The effect of F on the Na-exchange capacity after treatment with 


acid NH,F was estimated, Eight samples of Ward's bentonite No. 25 
were placed in 90-ml centrifuge tubes and given the sequential extrac 
tion described previously. The samples were Na saturated sequentially 


at 


her pH 4.8 or 8.2 as described in Appendix Table 47 and the 
cation-exchange capacity determined. An estimation of the effect of 


F was made using the following equation: 


Correction factor = 


(a 


where A is the concentration of Na, expressed in meq per 100 g, for 
samples X} to Xg which contained large concentrations of F. The term 
B is the concentration of Na, expressed in meq per 100 g, for samples 


X) to Xg upon resaturation where little or no F was present. 
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Statistical Analyses 


Field Samples 

The data were processed by punching the desired information on 
computer cards and obtaining a reduction of the raw data, The raw 
data were reduced by obtaining a simple data description printout on 
each sample group (124). Either a multiple range comparison of means 
to acconmodate unequal replication or a 't! test for unpaired obser- 
vations and unequal variances as described by Steel and Torrie (117) 
was made on specific groups of interest. 


For each of three species Hypanhenia rufa, Zea mays, and H 


spp., regression equations relating the element content of the plant 
with the element content of the soil were estimated. The elements 
considered were K, Ca, Sr, Mg, Fe, Mn, Cu, and Zn. Also the relation 


ship between the soil and the root and leaf analyses using the corre- 


sponding mole-fraction (71, 132) and -ratio (10, 121) values for two 


elements were considered, These equations were as follows: 


Mole fraction X, = Ky Vise iG TSF C3] 


ap 
K+ SCa + Mg + Sr Cad 


Mole fraction Xp 


Ratio Ry = t____ cs] 


Meat ig + Sr 


a 
2 kt Varig (63 


Where the concentrations of elements are expressed in moles per liter. 
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In each case the hypothetical relationship was of the form: 
= by tb, x4 by, x 
Y= by tb, nt a 


where Y is the element content of the soil, X is the element content 
of the plant, and bo, by, and bj, are constants. For each elenent, 
five different bases for the independent variables were considered. 
These represent the four different root values which were after the 
NHyCl, HCI, ashing, and the total of these; the Fifth was the leat 
content. 

Each regression equation was determined in such a manner that 
the quadratic term was included only if it made @ significant re~ 
duction in the residual mean square after fitting the linear tern, 


To determine significance a confidence level of 95% was employed. ! 


Effect of Clay Treatments 
Desians 

The experimental designs employed were: (1) @ randomized complete 
block design consisting of a Sxlix2 with three replications to evaluate 
the contribution of amorphous and crystalline clay fractions of the 
pii-dependent and total cation-exchange capaci ty and (2) a completely 
randomized design consisting of a 9x4 factoral with two replications 
to evaluate the effect of anorphous and crystalline clay fractions on 


the specific surface. 


‘personal communication with Or, Frank G. Mart 
of Statistics, University of Florida, Gainesville. 


|. Department 
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Analysis 


The significance of the cation-exchange capacity and the specific 
surface analysis was evaluated by analysis of variance. The sequen 


tial clay extractions were analyzed orthogonally. Signi fi 


‘ant inter= 
action in the analysis of variance was examined for certain simple 
effects at the expense of a loss of replication (117). Comparisons 


of means were made using Duncan's new multiple range test (117). 


RESULTS AND 01 SCUSSION 


Properties of Soil Clays 


Characteristics of Soils from which 


Clays Were Separated 


Soil characteristics 


al properties of soils, from which the 
clay fraction was separated, are listed in Table 1. Generally, the 
soils are slightly acid ranging from pH 5.6 for soil 4 to pH 6.6 for 
soils 1, 3, 5, 6, and 8, The organic matter content Washi gh, ranging 
from 4.6% for soil § to 13.2% for soil 6, The anount of clay present 
in these soils is large ranging from 20% for soil 8, which was a 
sandy loam, to 64% for soil 4 which was of clay texture, The water 


retention and CEC correspond closely to the amounts of organic 


matter and clay present in these soils. Similarly the titratable 
exchange acidity corresponds to the observed difference In CEC between 
pH 4.8 and 8.2. Profile descriptions for these soils are given in 


Appendix Table 45, 


Effect of Treatments on CEC of Clays 
CEC of clays before dissolution treatments 

CEC at pH 4.8.-- Data summarized in Table 2 show significant 
differences between clays for CEC at pH 4.8, Soil clay 8 (Table 3) 
had a significantly higher CEC of 65.7 meq per 100g than all other 


clays measured with the exception of clays 2, 3, 5, and Wyoming 
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ee __Titratable 


ae clay Sevier Me Bh “Selalty 
its 
™ * 
166 aw 
2 59 73 
santa Fe 3 66 72h 
rechet a TD 
Alo Sabena 5 66 Meh 
ie Lara 6 Be 
lo thucuneque 7 70M Stity etay 
Rio thico s 6.020 sandy clay 


proposed route 17 traverses the istheus. 


“6 
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ine clays, at two pil 
solution treatments 


Analysis of variance of CEC for 
values, after two sequential 


Sum of Mean 

Source pF squares square 1E value 
Block 2 145.2 72.6 2.41 

Clay (A) 8 4,579.6 8,072.4 268.99°* 

pH (8) 1 6,924.0 6,924.0 230.72" 


Sequential 


Dissolution (c)* 


(c\40,) vs 


3 
BX Cvs C, 


BX (C)#C,) vs cy 


AXxB 


AKG 


AXBXC 


Error 100 


“Significant at P= 0.01. 


*symbol C) refers to clay before dissolution steps; C, after 
Chon leet trate treatnent; Cy, after 0.5 H NaOH afd associated 
thiontte trestaent 
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Table 3.--Hean values of CEC for the nine original clays before 
sequential dissolution treatment 


Before treatment 


cec 


———— il. 
pH 
Clay 4.8 8.2 dependent 


2 
3 
4 
5 62.5 ab 73.0 b 10.5 be 
6 48.4 b 50.8 ¢ 10.4 be 
7 55.4 b 62.4 ec 706 
8 65.7 a 83.20 17-5 b 
wy. 
bent. 59.5 ab 86.5 a 27.08 


Entries In each colunn followed by the same letter are not significantly 
different at P= 0.05, 
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bentonite. The CEC of these clays were 57.7, 60.5, and 59.5 meq per 
100 g, respectively. Clays 6 and 7 had exchange capacities of 48.4 
and 55.4 meq per 100 9 which were significantly larger than the 
exchange capacities of soil clays 1 and 4, but were not significantly 
different from those of soil clays 2, 3, 5, and Wyoming bentonite, 
Clay | had a significantly higher CEC at 29.2 meq per 100g than 
clay 4 with an exchange capacity of 18.9 meq per 100 g which was the 


lowest value measured, 


CEC at pH 8.2.--The CEC significantly increased (Table 2) upon 
saturation with Na at pH 8.2, Sofl clay 8 (Table 3) and wyoming 
bentonite had significantly higher CEC at 86.5 and 83.2 meq per 100 g, 
respectively, than all other soil clays. Clay 5 had a significantly 
higher CEC which was 73.0 meq per 100 g, than soil clays 1, 4, 6, and 


7, but was not significantly different from clays 2 and 3 with CEC of 


66.0 and 67.0 meq per 100 g, respectively. The CEC values for clays 


6 and 7 of 58.8 and 62.4 meq per 100 9, respectively, were signi 
cantly higher than the exchange capacities for clays | and 4, but 


were not significantly different from those of clays 2 and 3. Clay | 


had a CEC of 38.3 meq per 100 g which was significantly higher than 


clay 4 with an exchange capacity of 22.4 meq per 100 g. 


‘pil dependent CEC,--Data summarized in Table 2 show that signifi 
cont differences exist between clays for the pli-dependent CEC. The 
plisdependent CEC of Wyoming bentonite (Table 3) was 27.0 meq per 100 g 
which was significantly higher than all other clays. Soil clay 8 had 
2 pli-dependent CEC of 17.5 meq per 100 g which was significantly higher 


than those for soil clays 2, 3, 4, and 7, but was not significantly 


larger than those of soil clays 1, 5, and 6 which had pH-dependent CEC 
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of 9.1, 10.5, and 10.4 meq per 100 g, respectively. Soil clays 2, 3, 
4, and 7 with pH-dependent CEC of 2.3, 6.5, 3.5, and 7.0 meq per 100 9, 
respectively, were not significantly different from soil clays 1, 5, 
and 6. 


Effect of Na di thion| 


rate 


Averaged CEC.--From the analysis of variance (Table 2) there was 


1 Significant interaction between clays and effects of the Na dithio~ 
nite-citrate dissolution step on CEC. Examination of this interaction 
(Table 4) showed that dithioni te-ci trate significantly increased the 


CEC when compared to the original clay averaged over both pH values, 


because of the increased exchange capacity of clays 2, 5, 7, and 8, 
and a decrease in CEC for clay 6, The increases ranged from 6.3 to 
21.1 meq per 100 g and the single decrease was 7.6 meq, The other 
clays remained unchanged by the treatment, Further examination of 
the interaction (Table 4) showed that the CEC of clay 8 was the largest 


single contributing factor to this ficant interaction, 


plizdependent CEC.--From the analysis of variance (Table 2) there 


icant interaction between effects of the Na dithionite~ 


was 2 sig) 
citrate dissolution and clays. When averaged over all nine clays, 


there was a signi 


ant increase of 3.07 meq per 100 g in pH-dependent 
CEC, When this interaction is examined by a multiple-range comparison 
of the means (Table 5), the dithionite-citrate treatment compared to 
the original clays significantly increased the pH-dependent CEC of 
soil clays 2, 3, 7, and 8. The increase expressed in meq per 100 g 
was from 8.3 to 19.7 for clay 2; from 6.4 to 19.7 for clay 3; from 


7.0 to 25.7 for clay 7} and from 17.5 to 29.8 for clay 8. 
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Table 4.--Hean values for CEC of clays before and after treatment 
with Na dithionite-c! trate 
Treatment 
Arter 
dithionite 
original rate ‘Ft 
clay (ca) (c) Values 
=-Wean CEC, meq/100 g~ 
| 33.7 36.5 
¥ 61.9 70.1 
x 63.8 68.2 
4 20.7 23.2 
5 67.7 74.0 
6 53.6 45.8 
¥ 58.9 66.9 
8 TS 95.6 
we 
bent. 73.0 2 ot 


*Significant at P= 0,05. 


Ee 


jgnificant at P= 0,01. 
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Table 5.--Mean values for pH-dependent CEC before and after treat 
ment with Na dithionite-ci trate 


Treatment 


After 


hioni te 
Clay citrate 
1 

2 8.3 19.3 
3 6.4 b 19.7 2 
4 3.5 a 7.0 
5 10.6 2 9.6 3 
6 10.4 6.6 2 
r 7.0 B72 
8 17.5 b 2.88 
Wye 

bent. 27.08 26.5 


entries followed by the same letter 
different at P= 0.05. 


each row are not significantly 
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Averaged CEC.--From the analysis of variance (Table 2) there was 
a Significant interaction between clays and effect of treatment with 
0.5 N NaOH, Examination of this Interaction (Table 6) showed that the 
Significant increase in CEC of the 0.5 N NaH treatment compared to 


the first two treatments was because of the increased CEC in soil 


clays 2, 3, 5, and Wyoming bentonite. These clays 


jereased in CEC, 
as meq per 100 g, from 66,0 to 74.9 for clay 2; from 66.0 to 89.9 for 
clay 3; from 70.9 to 79.5 for clay 5; and from 73.1 to 93.0 for 
Wyoming bentonite. The CEC of the other clays remained unchanged. 
Further examination showed that Wyoming bentonite contributed to 
most of this interaction, The increases in CEC of the Wyoming benton~ 


ite was attributed to the removal of hydroxy-Al interlayers. 


pi_dependent CEC.--From the analysis of variance for pH-dependent 
CEC (Table 2) there was not a significant interaction between clays 
and the effect of NaOH dissolution, when averaged over all clays. 
When the interaction within clays was examined (Table 7) the pH= 
dependent CEC of soil clay 7 and & significantly decreased. These 
decreases, expressed in meq per 100 g, were From 16.4 to 8.7 for clay 


7 and from 23.7 to 14.0 for clay 8. The pH-dependent CEC of all other 


clays was not 


icantly changed by the NaOH. 
Effect of acid NHyF 

No accurate CEC values could be determined after treatment of 
clay with actd NH,F because of @ complex reaction between Na, F, and 
Al which resulted in formation of a slightly soluble Na alumino~ 
Fluoride of variable composi tion and not simply Na cryolite (3NaF.AIF3). 
Data for CEC and concentrations of F and Al found in these extracts 


are presented in the Appendix Table 47. 
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Table 6.--Hean values for CEC before and after treatment with 0.5 N 


NaH 
Treatment 
Original + After 
dithionite 0.5 .N 
citrate NaoW te 
Clay (+0) (c3) value 
1 35.1 34.2 0.13 
2 66.0 74.9 10,46" 
3 66.0 89.9 76.14" 
4 21.9 26.4 2.68 
5 70.9 79.5 9.76" 
6 49.7 54.9 3.54 
7 62.9 60.5 0.77 
8 85.0 89.9 3.12 
Bie. Bel 93.0 ses 


*Significant at P= 0.05, 


"significant at P= 0.01, 
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Table 7.--Nean values for pH-dependent CEC before and after treat= 
ment with 0.5 N NaOH 


Trestoent 
Original + After 
di thioni te- 0.5 
citrate NaOH 
Clay (cy +0, (c) 
sseessHean, meq/100 9~ 
1 10.0 a* 9.04 
2 13.84 12.6 a 
3 3.12 14a 
4 5.38 42a 
5 Jo.1 a Waa 
6 B.5a 19a 
7 16.4 a 8.76 
8 2.7 V4.0 b 
vy. 
bene. 6.8 a 2.9 a 


“Entries followed by the sane letter in a row are not different at 


P= 0.05. 
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Effect of sequential dissolution on CEC 
pH dependent CEC, 


The analysis of vari 


nce (Table 2) showed a 


sign’ 


icant interaction between pH-dependent CEC of the clays and the 
sequential treatments. Examination of this interaction (Table 8) 
showed that the CEC determined at pH 8,2 was significantly higher for 


each clay when averaged over all treatments with the exception of 


clay 4, This indicated that all clays with the exception of clay 4 


are composed of minerals that exhibit an increase in CEC with an in 


crease in pi. 


Effect of Treatments on Specific Surface of Clays 


Specific surface of clays Hy 
Dota summarized In Table 9 show significant differences between 
clays for specific surface. Wyoming bentonite (Table 10) had a sig 
nificantly higher specific surface of 697 H* per g than all other 
clays measured. Clay 5 had a specific surface of 473 H* per g which 
was significantly larger than clays 1, 2, and 8, but was not signif 
icantly different from clays 3, 4, 6, and 7. The specific surface of 
these clays was 361, 414, 377, and 364M? per g, respectively. Clay 3 


had a significantly higher specific surface 341M? per g than all other 


clays, but was not significantly different from clays 3, 4, 6, 7, and 
8. Clay | with 213 M? per g had a lover specific surface than all 


other clays, with the exception of clay 8 which had a specific surface 


of 268 H? per g. 
Effect of Na di thioni terci trate 


From the analysis of variance (Table 9) there was a significant 


interaction between clays for the effect of Na dithionite-ci trate on 


specific surface measurements. Examination of this interaction 
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Table 8.--Hean values for pH-dependent CEC over all treatments 


Mean CEC 
clay pH 8.2 (b)) pH 4.8 (bo) vata 

1 39.6 30.0 9.6 13,88" 
2 15.7 62.2 13.5 27.10" 
3 80.3 67.5 12.8 2.78" 
4 25.9 21.0 49 3.61 

5 7.8 69.7 8.1 9.92* 
6 55.6 47.3 8.3 10.33" 
7 69.0 55.2 13.8 8.52" 
8 96.8 76.4 20.4 62,49" 
tase, 92.8 66.7 1 102,27" 


‘Significant at P= 0.01. 
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Table 9.--Analysis of variance of specific surface for nine clays, 
after three sequential dissolution treatments 


sun of Hean 
Source of squares square 1! values 
Clays (A) 8 B45,540,0 —106,817.5 75.58" 


Sequen 
(3) 276,608.0 —92,202.7 
1 24,5445 24, 5hh.S 17.37" 
(Cy+C,) vs ¢ 1 665.0 665.0 0.7 
vie 
(cytegtC) vs Cy 1 251,398.9 251,398.9 177.89 
Axe 2h 178,667.0 7 lS 5.27 
Error 36 50,874.5 1,413.2 
Total 711,360,690 


“significant at P= 0.01. 
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Table 10.--Hean values for specific surface of nine clays, initially 


Treatment 
cha ‘original 
ToH2/ ge 
1 a3 
2 Buc 
3 361 be 
4 HA be 
5 473 b 
6 377 be 
# 364 be 
8 268 cd 
Wye 
bent. 697 a 


Entries followed by the same letter are not significantly different 
at P= 0.01, 


n 
(Table 11) showed that there were significant decreases in specific 
surface of clays 2, 7, and Wyoming bentonite. The specific surface 
of these clays, expressed as M? per g, decreased from 341 to 220 for 
clay 2; From 364 to 192 for clay 7; and from 697 to 483 for Wyoming 


bentioni 


The specific surface of clay 6 increased from 377 to 
478 M? per g, while the specific surface of all other clays remained 
unchanged. The significant decrease in specific surface of clays 2, 7, 
and Wyoming bentonite was attributed to hydroxy Al partially blocking 
the interlayer surfaces from penetration by the ethylene glycol. 


Alternatively, poorly erystalline or amorphous materials were renoved 


having @ high specific surface. The increase observed in specific 
surface of clay 6 was probably the effect of removal of materials having 
2 low speci fic surface. 
Effect of 0.5 N NaoH 

From the analysis of variance for specific surface (Table 9) 
there was not a significant interaction between clays and the effect 
of NaOH dissolution, when averaged over all clays. When the inter= 
action within clays was examined (Table 12) the specific surface of 
clays 2 and 7 significantly increased after dissolution with 0.5 N 
NaOH compared to the average of the first two treatments. These ine 
creases as H? per g were From 281 to 359 for clay 2 and from 278 to 


352 for clay 7. Clays 4, 5, and 8 significantly decreased in surface 


upon dissolution with 0.5 N NaOH, These decreases as H* per g were 


From 404 to 279 for clay 4; from 462 to 380 for clay 5; and from 288 


to 210 q for clay 8. 


Effect of acid NHyF 


From the analysis of variance (Table 9) for specific surface 
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Table I1.--Nean values for specific surface of nine clays before and 
after treatment with Na dithioni te-ci trate 
Treatment 
‘After 
dithionite 
Original citrate tet 

Clay (c) (C2) values 
1 213 172 hig 

2 3h 220 10.36%" 
3 361 339 0.33 
4 44 393 0.31 

5 473 451 0.34 
6 377 478 7.29" 
7 364 192 20.81" 
8 268 309 119 
Wye 

bent. 697 483 32.56" 


‘Significant at P = 0.05, 


Significant at P= 0.01. 


B 


Table 12. 


Hean values for specific surface of nine clays before and 
after treatment with 0.5 N NaOH 


Treatnent 
Orginal + After 
dithioni te~ 0.5.N 
citrate NaoH ‘e 
clay (cy#¢,) (cs) values 
-H2/a) 


1 192 235 17m 
2 281 359 5.81" 
3 350 402 2.57 
4 ou 273 14.65" 
5 462 380 6.34" 
6 nay 379 2.20 
7 218 352 5.3" 
8 288 210 5.81" 

wy. 

bent. 590 609 0.33 


“Significant at P = 0,05. 


“Significant at P = 0.01. 


7m 


ted for 


after treatment with acid NH,F, @ significant interaction e 
the effect of this treatment on the clays, Examination of this inter- 
action (Table 13) revealed that after acid Nii,F, compared to the 


average of the first three treatments,the specific surface of all 


clays significantly decreased with the exception of soll clay 6. The 
specific surface, expressed in N? per g, of these clays when compared 
with the clays before the acid NHyF decreased from 206 to 119 for 

clay 1; from 307 to 215 for clay 2; from 367 to 133 for clay 3; from 


362 to 214 for clay 4; from 434 to 292 for clay 


3 From 302 to 115 
for clay 7; from 262 to 99 for clay 8; and From 596 to 484 for Wyoming 
bentonite. The specific surface of clay 4 was not significantly 
changed by the last treatment. Extractable Al in NH,0Ac (Appendix 
Table 47) after treatment of these clays indicates that these decreases 
are probably either blocking of interlayer spaces by AIF, or that 
disintegration of clay occurred with this treatment resulting in loss 


of surface, 


Relationship between CEC and Specific Surface 


Two positive, significant relationships were found between the 
CEC at pH 4.8 and 8.2 and specific surface (Fig. 4). The relation- 


ship between CEC at pH 4.8 and specific surface was as follows: 
Y= 34.54 + 5.54 x te 


where Y is the specific surface expressed in M per g and X is the CEC 


expressed in meq per 100 g. The relationship between CEC at pH 8.2 


and specific surface was as follows: 


Y= 37.43 + 4.52 X [9] 


5 


Table 13.--Hean values for specific surface of clays before and after 
treatment with acid NHyF 
Treatnent 
After 
acid 
citrate + Nie ie 
Clay Na0H(C+C,4C5) (ct) values 
1 206 ug 
2 307 215 
3 367 133 
4 362 2h 
5 43h 232 
6 an 350 
Ps 302 5 
8 2 99 
Wye * 
bent. 596 48h 13.31 


0,01. 


16 


Y= 34-544 5:54 X 


00) 


3060 
Meg per 100g 


Fig. 4.--Relationships between all surface areas and 
CEC values. 


n 


© surface expressed in M? per g and X is the 


where Y is the speci 
CEC expressed in meq per 100 g at pH 8.2. Regression equations [8] 
and [9] accounted for 85 and 83% of the observed variation, respec 
tively. These relationships were interpreted to mean that the specific 
surface available for glycol retention was closely associated with the 


total sites available for CEC. 


Nature of Materials Removed 
Amount of materials removed 

Material removed (Table 14) ranged from 24.4% for clay 2 to 52.8% 
for clay 6. A loss of 28.71% was recorded for Wyoming bentonite. 
‘These losses are assumed to be amorphous or poorly crystaline materials 


which were selectively dissolved by the sequential dissolution se- 


quence employed. The effect of removal of the anorphous materials 
fon specific surface and CEC is shown in Fig. 5. The area between the 
curves, based on original weight and the actual weight after treat 
ments, reflects the contribution of anorphous material on both CEC and 
specific surface of these soil clays. 

composi tion of materials renoved 


Na dithioni te-citrate extracts. 


The concentrations of Si, Al, 
‘and Fe, expressed in the oxide form, removed by the Na di thioni te- 


citrate are shown in Table Il, Treatment with this dissolution step 


primarily removes free iron oxides (1, 62, 67, 91). This 13 shown by 
the large anount Fe,0; renoved which ranged fron 69.9 to 169.3 mg per 
9 for soil clays while only 7.0 mg per g were found in the Wyoming 

bentonite clay extract. The large anounts of Fe and the conparatively 


smal] amounts of Si removed were reflected in the Si0):R,0, mole 


ratios which ranged from 0.07 to 0.37 for soil clays and 1.17 for 


Ty 


Table Ili,--Effect of sequential dissolution on the amount and com- 
position of ‘amorphous! materials removed by sequential 
dissolution steps 


Composition of materials renoved Total 
wei ght 

S02 $102 Al203 R203 oss at 

Clay S10, Ngo A120, R203 Fep0, MgO —*105¢ 


1 5.7 24.0 © 169 = OKT 0.07, 0.09 = - 
2 7:8 19.7 10l = 0.68016 0.13= - 
3 9:6 42.7 6h = 0370.20 0.43 - - 
4 8.0 16.1 122 = 0,85 O14 0B = - 
5 123 13.6 70 = 1.53037 O12 = - 
6 8.0 24 138 = 0.661210 = - 
7 18 177 131 = 0.20 0.09 = - 
8 95 25 132 = O75 OS OID = - 

Wye 
bent. 4.3 0 1.7 ee ee - 

0.5 N NoOH (11) + Na dithionite-citrate (111) 

1 358 96.7 12.6 = 6.29 5-80 4.91 - 
@ 363 79.7 22.10 = 7.70 6.58 2.31 - 
3 259 heh 6 84 = 5.92 5.54 5.67 - 
4 21 Whg 23,1 = 9.86 7.50 12h - 
5 208 40.2 8.4 = BGK 7.73 3.07 - 
6 196 28.30 5.1 = 11.73 10.55 3.55 = 
7 Wor 88.2 23.5 = 7.75 6.63 2.40 - 
8 288 79.7 19.0 = 6125.33 2.68 - 
wy. 

bent. 89 8.6 1,2 = 17.68 16.56 4.59 < 
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Table 14.--Continued 


Composition of materials renoved Total 
‘ wei ght 
SiO, S102 A203 R203 toss at 


Clay $10, 


5 Moo ATZ0; Ry0, Fey; gd —105¢ 


1 3h5 38.7 7-4 19 1.68 1693.33 10.8 = 
2 43 75 6 5.72 2.30 1675 
3 M60 HB 3.6 0.83 1.871.790 7h2 25 = 
% ysch 37.8 7216 2oh 90512 B= 
5 61.6 45.3 32.8 1.82 231 158 0.88 13.00 - 
6 53:5 38.3 17.9 1,82 2.38 1821.36 9.8 
7 76.7 58.3 30.7 6.55 2.24 1.68 1.22 4B 
8 57.6 Wh? «23.5 4.06 2.21 «1.66 1.20 5 
Wy. 

bent, 13.5 13.3 0.6 0.33 1,721.77 14.08 13.00 = 

Total 

1 4o2 162189 KG? 2.93 

a 435 147 195.72 5.03 3.06 

3 315159, 7% 0.83 3.37 2.57 

4 3158} SO 2.16 6.02 2.90 

5 278 99182 762.78 

6 257-87 «= 186 «1,825.03 2.26 

7 go 164 «1856.55 5.07 2.95 

8 355570672136 

wy. 

bent. 108 2 8 0.33 7.65 6.21 
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Meg per 100g 


Specific Surface 
earn oer 


300 


M? per & 
E 


Actual 
Original— 


1 2 3 @ 
Sequential Extraction 


Mean effect of treatment on CEC and 
specific surface where sequential 
extraction | Is untreated clay, 2 

is dithionite-citrate, 3 after 0.5 N 
NaOH, and 4 after acid NH,F. The 
dotted line refers to measurenents 
based on clay weight after treatment 
and solid line on original clay weight. 


Fig. 5: 


al 
Wyoming bentonite, McKeague and Cline (8) have found that sone of 
the amorphous silica in soils occurs as coatings at the surface of 


iron oxides, This could ea 


yy account for the small anounts of Si 
found in this extract, The concentration of Al ranged fron 13.6 to 
43.5 mg per g of material renoved conpared to 1.7 mg per g for Wyoming 
bentonite. The Al,0,:Fe,05 mole ratios ranged from 0.08 to 0.43 
compared to 0.15 for Wyoming bentonite. 

Extracts from treatment with 0.5 N NaOH.--The 0.5 N NaQH + Na 


dithionite-ci trate dissolution step (Table 14) renoved large quant 


es 
of S10, which ranged From 196 to 402 mg per g, for soil clays conpared 


to only 89.8 mg per g renoved From Wyoming bentonite, The amount of 


Al expressed as Al,03 removed was less than for Si02, but more than 
Fe,0, after these treatments. These values were reflected in the 

Si0):A1 0, mole ratios which ranged from 5.92 to 11.73 for the soit 
clays compared to 17.68 for Wyoming bentonite. The Si0,:R,0, mole 


ratios ranged from 5,33 to 10.55 for s 


clays while it was 16.56 
for Wyoming bentonite. The Alg03:Fe20; mole ratios ranged from 1. 24 


to 5.67 for soll clays compared to 4.59 found for Wyoming bentonite. 


1203 and Si02:Rp03 mole ratios indicate that the anor- 


phous materials renoved were not al lophan 


nature, but phyllo~ 


silicate relics, eriteria for which were given by Jackson (65, 67). 


Extract from acid NH,F.--The acid NiyF dissolution step removed 
Si, Al, Fe, and Mg (Table 14). The relative amounts of SiO, and 

A103 were reflected in the Si02:A1,03 mole ratios which ranged from 
1,68 to 2.38 for soil clays and was 1.72 for Wyoming bentonite. The 


relative amounts of 


2 and R703 were about 1.7 as reflected by the 


$i02:R,05 ratios ranging from 1.49 to 1.90 for soil clays compared to 
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1.77 for Wyor 


1g bentonite, The Alz03:Fe203 mole ratios ranged from 
0,88 to 7.42 in the soil clays as compared to 14.08 for Wyoming 
bentonite, These ratios Indicated that the sot! clays have larger 
anounts of combined iron possibly occupying octahedral positions. 
Also MgQ was found to be prevalent indicating either the presence of 
chlorite, Mg silicate, or a poorly erystaline Hg-rich montmort oni te 
(105, 133). Rich (105) has noted, in particular, that Mg-rich mont= 
norillonite is destroyed in 24 to 4B hrs at room temperature by acid 
Nie 

Total_in extracts.--The conposi tion of the total material removed 
was quite consistent for the soil clays. The Si0,:A1,0; mole ratios 
for soil clays ranged from 3,37 to 6.02 for soil clays indicating that 
the amorphous materials were siliceous. The Si0,:Rz05 mole ratios 
ranged from 2.26 to 3.06 showing that the material was siliceous in 


nature even when free Tron oxi: 


jes were Included In the calculations. 


The mole ratio for Wyoming bentonite decreased from 7.65 for the Sid, 


2 
A103 mole ratio to 6.21 for the Sio 


203 mole ratio. The Alz03:Fe703 
mole ratios for the soil clays ranged From 0,33 to 1.34 indicating that 
more total Fe than Al was removed by these treatments. Further dis~ 
cussion of these data are presented in a later section dealing with 


the effect of amorphous removal on X-ray diffraction, infrared, and 


DTA patterns of these clays. 


Xcray diffraction patterns 
X-ray diffraction patterns were used for characterization of the 


crystalline minerals in the clay fraction of the eight soils used in 


the study, Three patterns were run for each clay including the original 
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clay and residual clay after each of the sequential dissolution steps. 
These patterns were for clay that was Mg saturated and glycerol sol- 
vated, clay that was K saturated, and clay that was K saturated and 


then heated gradually to 550C. From previous research (65), kaol 


inite 
was identified from the first order diffraction spacing at 7.2A, the 
second order spacing at 3.57 A, and by disappearance of these spacings 


after heat 


9 to 550C, Halloysite was identified after glycol solva- 
tion by the first order spacing at 10.8 A and the third order spacing 
at 3.66 A, Hetahalloysite was suggested by 7.2 to 7.5-A spacings 
after K saturation and by disappearance of these spacings after heating 
to 550C. Quartz was identified from the 4.21- and 3.35-A spacings. 
Chlorite was sought by the spacing at 1% to 15 A and any intensi fica 
tion of the 7.2-A spacing after heating at 550C. Chlorite was not 
found in any of the X-ray diffraction patterns studied, Vermiculite 
was identified by the IM to 15-A spacing and a 9.9- to 10.1-A spacing 


after heating to 550C, Nica was concluded to be present from 9.9- to 


10.1-A spacings observed. Cristobalite was identified by a 4.05-A 
spacing, Gibbsite which has a 4,34-A spacing was not found, Hont~ 
ori llonite was sought From the 18-A spacing and the 8.85- and 4.45~ 

to 4,60-A spacing after Mg saturation, It was confirmed by the 12.l~ 
to 12.88 spacing with K saturation, and the 9.9- to 10,1-A spacing 
after heating to $50C. A 1/6° divergence slit was used for scanning 
between 4.13 and 11.04 A to cut down background scatter from mona~ 
chromator and still use a sensitivity of 1x2x50 counts per second 

which facilitated the detection of montmorillonite, at the 18-A spacing, 


and of interstratified mixtures, A 1° divergence slit was used for 


scanning between 17 and 3 A. 


Bh 

The crystalline portion of the clay fraction of the 4 sof! clays 
generally gave very weak X-ray diffraction patterns (Fig. 6). Small 
crystal size of the phyllosilicates (Z-axis limitation) which was 
indictive of particle size under 0,02 microns or poorly crystal line 
materials approaching an amorphous material (65) was apparently 
dominant in these patterns. The snall particle size or poorly crys 
talline nature of the soil clays is indicated in Figures 6, 7, 8, The 
corresponding spacings are listed in Appendix Table 52. These patterns 
show line broadening and a broad plateau from 10 to 18 A with small 
differential peaks. The commonly strong peak at 3.5 A was the combined 
suborder of several other spacings. These were as follows: (002) of 
7A, (003) of 10 A, (004) of 4A, and (005) of 18 A, This Is another 
symptom of Z-axis limitation indicating small phyllosilicate particle 
size. Generally very weak patterns were observed for the original 
clays. The intensities of the peaks improved slightly after sequential 


dissolu 


rate and 0.5 N NaH. A decrease in 
kaolinite minerals and a increase in quartz was generally observed 


after dissolution with the a 


NHyP reagent. 
The crystallinity of soil clay | from Patino is shown in Figs. 
6 and 7 and data in Table 15. This clay was composed primarily of 
1:1 phyllosilicates which were halloysitic in nature although smaller 
amounts of interstratified mixtures of montmorillonite and vermiculite, 
eristobalite, and quartz were observed. 
Soil clay 2 from Yeviza (Figs, 6 and 8 and Table 15) consisted 
primarily of interstratified mixtures of montmorillonite and vermicu- 


gs of 32 A for glycerol solvation and 10 A 


Ite which gave d/n spa 


after heating to $50C, Also smaller amounts of montmorillonite, 


these patterns. 


vermiculite, halloysite, and quartz were detected i 


wl 
ay 


angen 


Fig. 6.--X-ray diffraction patterns of Mg- 


saturated soil clays after the 0.5 
N NaOH in the sequential dissolution 
Steps. The inset numbers are as 
follows: (1) soil clay 1; (2) soil 
clay 2; (3) soil clay 33 (4) soil 
clay 4; (5) soil clay 5; (6) soil 
clay 6; (7) soil clay 73 and (8) 
soil clay 


8 


Fig. 7=-X-ray diffraction patterns of soil clay | 
after sequential treatment, The Inset 
Tetters are as follows: (A) Mg-saturated, 
lycerol-solvated clay before. treatnent; 
(6) g-saturated, glycerol-solvated clay 
after dithionite-citrate; (C) Ag-saturated, 
Iyeerol-solvated clay after 0.8 N NaOl; 
(}"Hgesaturated, glycerol=solvated lay 
after acid NH,F; (E) K-saturated clay be- 


fore ; (F) k-aturated clay after dithio- 
nite-citrate; (6) K-saturated clay after 
0.5 N NaOH; (H) K-saturated clay after 


acid NH,F treatment; and (1) K-saturated, 
heat-tréated clay before treatment. 


Fig, 8. 


ray diffraction patterns of soil clay 2 
after sequential treatment. The inset 
letters are as follows: (A) Ng-saturated, 
glycerol-solvated clay before treatment; 
(8) Mg-saturated, glycerol-solvated clay 
after dithionite-citrate; (C) Mg-saturated, 
glycerol-solvated clay after 0.5 N NaOH; 
(0) Hg-saturated, glycerol-solvated clay 
after acid NH,F; (E) K-saturated clay be~ 
fore treatment; (F) K-saturated clay after 
dithionite-citrate; (6) K-saturated clay 
after 0.5 N NaOH; (H) K-saturated after 
acid NiyF; (1) k-saturated, heat-treated 
Clay before treatment; and'(J) K-saturated, 
heat-treated after 0.5 N NaQH, 
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Table 15.--Crystalline minerals recognized from X-ray diffraction 
patterns of soil clays from eastern Panama 


Sat Location crystal tine sineralst 
1 Patino Ky Vg or3 3 
2 Yeviza WAV) Hy V3 Ky 13 05 
3 Santa Fe W/L, WA H/T, 5 03 
4 Trocha WA, WAY W/L, Kp Q3 
5 Rio Sabana W/L WAY W/L, Ky OS 
6 Rio Lara Hy WY, W/L) Ky Oy 
7 Rio Chucunaque Hy Vy HY Ky Qs 
8 Rio Chico vy, Wy K & 


Because of the poorly crystaline nature of these soil clays a 
sensitivity of 1x2x50 was utilized. 


K = Kaolinite or hal loysite 
M = Montnori Iloni te 


V = Vermiculite 


Mlite 


Cristobalite 
Q= quartz 


The small numerals indicate the relative intensities with | being 
the highest, 2 intermediate and 3 the lowest. 
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Soil clay 3 from Santa Fe (Fig. 6 and Table 15) gave patterns 
similar to those observed for soil clay 2 with the exception that 
some interstratified mixtures of vermiculite, illite, and montnoril~ 


lonite were presumed to be present from the addi 


ional broad peaks 


observed for d/n spacings between 20 and 25 A, Smaller anounts of 
halloysite and quartz were also noted in these patterns. 

Soil clay 4 from Trocha yielded patterns suggesting some presence 
of interstratified mixtures of vermiculite and illite, montmorillonite 
and vermiculite, and montmorillonite and illite (Fig. 6 and Table 15). 
Halloysite and quartz were also found in smaller quantities. 


Soil clay 5 from Rio Sabana (Fig. 6 and Table 15) contained 


approximately the sane minerals as were observed in soil clay 3. 


These were interstratified mixtures of vermiculite and i1lite and of 


montmorillonite and i11ite, Smaller quantities of halloysite and 
quarts were also present. 

The crystalline fraction of soll clay 6 from Rio Lara (Fig. 6 
and Table 15) was composed primarily of montmorillonite and illite 
although halloysite and quartz were present to a lesser degree, 

Soil clay 7 from Rio Chucunague contained crystalline minerals 
similar to those found in soft clay 6 with the exception that vermicu- 
lite was present as indicated by the 14+ to 15-A spacing after Mg 
seturation and glycerol solvation, Evidence for the presence of 
Vite was not found, 

Soil clay 8 from Rio Chico (Fig. 6 and Table 15) was prinarily 


poorly crystalline vermiculite as indicated by the 14~ to 15-A peak 


with some interstratified vermiculite and illite also present. In all 


of these clays @ strong 3.5-A peak intensity was found which would 
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indicate the presence of small particle size kaolinites, illites, 
verniculites, and montnort ltonites ef ther singly or in conbinations. 
In many instances these peaks could not be analyzed because of a 
plateau effect. 

Differential thermal analysis 


In this study, the endothe 


patterns were unique in that the 
original clay and the clay after three sequential dissolution treat- 
ments were run simultaneously. This made uni form condi tions for 


evaluating changes which occurred after sequential dissolution, TI 


was also enhanced by having the clays previously desiccated to the 


same degree by dry! 


9 at HOC. The values presented in Table 16 were 
obtained by tracing the patterns and cutting out the endothermic area 
which was weighed. Since allophane, hydrated halloysite, vermiculite, 
‘and montmorillonite all release water in the region from 55 to 250C 


(44, 65), 


this study endotherms in this region are referred to as 
the low-temperature endotherms, Kaolinite and halloysite have 
endothermic peaks From $25 to 600C and are referred to as the high- 


temperature endotherms. Use of the slope ratio of the endothermic 


peak sides as an index of presence of kaolinite or halloysite was made 
in light of work by Bramao et al. (21), Dean (30), and Fiskell and 
Carlisle (4h). The terms a and b (Table 16) represent the tangents 
to the angles made with the side of the high-temperature peaks. 

With few exceptions in these clays, the peak area of the low 
temperature endotherms (Figs. 9, 10, 11, 12 and Table 16) was highest 


after removal of free iron oxides with the exception of soil clay 1. 


Probably, the dithioni te~ 


rate reagent renoved material less 


hydrated than that remaining in the clay. The treatment of clays 


31 


iFferential thermal patterns of soft 
clays 8 and 1 after sequential treat 
ment. The inset letters are as fol low 
(A) S011 clay 8 before treatnent; (3) 
soil clay 8 after dithionite-ei trate; 
(©) soi! clay 8 after 0.5 N NAOH; (0) 

clay 8 after acid tiyF: (E) sof) 
clay 1 before treatment; (F) soil clay 
1 after dithionite-citrate; (¢). soll 
clay I after 0.5 N NaOH; and (H) soll 
clay I after acid NiyF. 
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ifferential thermal patterns of soil 
clays 2 and § after sequential treatment. 
The inset letters are as follows: (A) 
clay 2 before treatment; (8) clay 2 
after dithionite-citrate; (C) clay 2 
after 0.5 N NaOH; (0) clay 2 after acid 
NHyFs_(E) clay 5 before treatment; (F) 
cldy 5 after dithionite-ci trate; (6) 
clay 5 after 0.5 N NaQH; and (H) clay 

5 after acid NH 


Fig, I.=-Differential thermal patterns of soil 


clays 7 and 3 after sequential treat- 
ment. The inset letters are as follows: 
(A) Clay 7 before treatment; (8) clay 

7 after dithionite-citrate; (¢) clay 7 
after 0.5 NNaQH; (0) clay 7 after acid 
NHyF:_(E) clay 3 before treatment; (F) 
clay 3 after dithionite-citrate; (6) 
clay 3 after 0.5 N NaOH;and (H) clay 3 
after acid NH, 
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4 


Fig. 12.--Differential thermal patterns of soil 
clays 6 and 4 after sequential treat- 
ment, The inset letters are as follows: 
(A) clay 6 before treatment; (B) clay 6 
after dithionite-citrate; (¢) clay 6 
after 0.5 N Nad; (0) clay 6 after acid 
NHyFs (E) ‘clay 4 before treatment; (F) 
clay 4 after dithionite-citrate; (6) 
clay 4 after 0.5 N NaOH; and (H) clay 
4 after acid NAF. 
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Table 16.--0ifferential thermal analysis of sone reference minerals 
and soil clays after sequential treatments 


Endotherns 
Low temperature High temperature 
Peak Peak Peak Peak =I layer 
Sample area temp. area temp. —itattice 
nex, ax, peak shape 
en? °c ent 2 a/b 
Hal loysite 120 1.6 563 2.20 
Kaolinite 100 12.9 586 1.38 
Wy. bent, AP 7-8 135 3.4 705 
8 87 tho 55 700 
¢ Tl 1g 53710 
D a4 135 28 75 
Clay 1A 98 118 1.2 540 
8 48 120,1hh 92564 
c 128 116,150 616560 
ry 4516 2.2 600 
Clay 2A 6.1 12K 154 3.2564 
B 13.26, 150 6560 
c 9:6 116,150 3.6560 
D 311 116150 2h 586 
clay 3A 4g 116 1.2 5ho 
B11 120,145 9.2 56K 
c 55 12m 1K5 6.6560 
. 571th 2.2 600 
clay 4A 190.76 24 558 
8 126 16 2 550 
¢ Bl 12h 46 557 
° 37100 212 565 
clay 5A 6.3 14150185860 
8 37 125,1hz2 1.6550 
c Bie 125,150 3.0560 
. 3.1100 116 560 
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Table 16,--Continued 


Endotherns 
Low temperature High temperature 
Peak Peak Peak Peak Ir] layer 
Sample area temp. area temp. lattice 
max. ax, peak shape 
ome °C cane °c a/b 
Clay 6A 6.9 115,150 2.6 565 1.33 
8 72 (115,150 3.3 557 ai 
c 10.6 © 115,145 29 555 io 
D 5.7 120 23 570 1.63 
clay 78 8.2 116,150 3.3 557 1.26 
8 17.8 116,146 4.6 550 2.28 
c 9.0 116,150 3.4 550 2.00 
D 1.7108 25 564 181 
Clay 8A 3.1 100 3.0 560 1.60 
8 18.2 120,185 3.2 550 2.9l 
c 4.0 125,150 3.9 559 2.16 
o 3.5 (120 ko 578 1.69 


*symbol A, refers to untreated clay, 8 to clay after dithionite 
citrate treatment, C to clay after treatment with 0.5 N NaOH 
followed by citrate-dithioni te reagent, and D to clay after treat~ 
nent with acid NH,F. 


7 
with 0,5 N NaOH decreased the low-temperature endotherms found in 


soil clays 2, 3, 4, 7, and 8, but the opposite occurred for soil 


clays 1, 5, and 6, Treatment of the clays with acid NH,F generally 
resulted in a decrease of the low-temperature endothermic area. The 
low-temperature endotherms generally showed doublets (Figs. 9, 10, 11, 
12) for the original clay and after the first two dissolution steps, 
with the exception of soil clay 4, This doublet corresponds to the 
low-temperature endotherms found for halloysite at 120C and that 


for montmorillionite at 140 to 149C (44, 65). The low-temperature 


endotherm at approximately 145C disappeared in all cases after tl 


treatment with the exception of soil clay 1. Rich (105) has noted 

that, after use of acid NH,F for 24 hrs, Hg-rich montmorillonite is 

destroyed. Fine-particle size would facilitate this destruction. 
‘The shape of the high-temperature endotherms between 560 to S80C 


(Figs. 9, 10, 11, 12 and Table 16) suggested that these soil clays 


1e and kaolinite. 


contain halloystte or in sone cases mixtures of hal loy: 


The ost distinct halloysite peak was found in soil clay | where a 


slope ratio of 3.74 was noted after treatment with dithioni te-ci trate 


(Fig. 9 and Table 16). Treatment with acid NH,F generally decreased 


the peak areas and in soil clays 1, 2, 4, 7, and 8 there was also a 
change in peak shape (Figs. 9, 10, 11, 12 and Table 16). 
The DTA patterns of these soils (Figs. 9, 10, 11, 12) further 


confirmed findings by X-ray diffraction that gibbsite was not present. 
Givbsite, AI(OH), gives a strong endotherm at 330-3506, of sufficient 
magnitude to permit detection of as little as 1% of this mineral (65), 


thus indicating that little or no gibbsite was present in these soil 


clays, Also the OTA patterns indicate that the intense 3.5-A spacing 
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In the X-ray diffraction patterns are probably @ conbination of 
halloysite and montmorillonite with the exception of soil clay 4. 
Infrared analys 

In this study infrared data were used to support evidence obtained 
From studies of these clays by X-ray diffraction and DTA, Also, these 
clays were exanined by infrared for the effect of the sequential 
dissolutions. The infrared spectras of the original clay (Figs. 13, 


14, 15, 16), show absorption bands typical of 


and 2:1 clay minerals 
(Fig. 17). Infrared-absorption spectras similar to those of al lophane 
shown by Mejia et al. (92) were absent. All the spectras of the 


original soil clays show large absorption bands between 3,900 and 


2,800 en!, This absorption band is attributed to a combination of 


free O-H stretch at 3,700 ent 


plus stretching vibration of the free 


0-H groups of the octahedral layer of the clay minerals at 3,600 cn7!, 
and the stretehing vibration in bonded O-H groups associated with 
adsorbed water on clay surfaces at 3,450 cm"! (81, 95). The absorption 
peaks at 3,450 ent! in these clays are attributed either to halloysite 


or water associated with Internal surfaces of an expanded 2: 


layer 


icate, This is also observed in the standard clay samples (Fig. 17) 


where halloysite and montmorillonite also show @ relatively large 
absorption band at this frequency compared to kaolinite, The absorption 
band at 1,634 cmt! was observed in all the clay fractions, This is 


HO-H bending (81, 95). 


is a Si-O viral 


The absorption band between 1,250 and 961 ext 
found In silicate clay minerals (78, 81, 95). The absorption band at 
910 ent! found in soil clays 1, 3, 4, and 7 are indicative of a Xt3- 


O-H bending vibration which could indicate either dioctahedral com 


ee: 
a 


Fig. 13.--Infrared spectra of soil clays 1 and 


2 after sequential treatnent. The inset 
letters are as follows: (A) clay | be- 
fore treatment; (8) clay | after dithio- 
nite-eitrate; (c) clay | after 0.5 N 
NaOH; (0) clay 1 after acid NiyF; (E) 
Clay 2 before treatnent; (F) clay 2 after 
dithionite-citrate; (6) clay 2 after 

0.5 N NaOH; and (H) clay 2 after acid 


99 


38 


“S wavasambars Gm) 


nfrared spectra of soil clays 3 and 
i after sequential treatment,” The inset 
letters are es follows: (A) clay 3 b 
fore treatment; (8) clay 3 after dt 
nite citrate; (c) clay 3 after 0.5 M 
Na0H;. (a) clay 3 after acid NHyFy (ED 
Clay 4 before treatment; (F) clay 4 after 
dithionite-citrate; (G) clay & after 
Wa0H; and (H) clay M after acid 


190 


Fig, 15. 


Infrared spectra of soil clays § and 
6 after sequential treatment. The 
inset letters are as follows: (A) clay 
5 before treatment; (8) clay 5 after 
dithionite-citrate; (C) clay 5 after 
0.5 N NaOH; (0) clay 5 after acid Nir; 
(E) clay 6 before treatment; (F) clay & 
after dithionite-citrate; (6) clay 6 
after 0,5 N NaOH; and (H) clay 6 after 
acid NHyF. 


lot 
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Fig, I6.--Infrared spectra. of soils clay 7 and 
8 after sequential treatrent, The inset 
letters are as Follows: (A) clay 7 be- 
fore treatment; (8) clay 7 after dithio- 
nite-citrate; (c) clay 7 after 0.5 N 
NaoH; (0) clay 7 after acid NHjF; (E) 
clay 8 before treatment; (F) clay 8 
after dithionite-citrate; (6) clay 8 
after 0.5 N NaOH; and (H) clay 8 
after acid NHyF. 
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‘Waverembuts (Cm 


Fig. I7.-Infrared spectra of KBr blank and 
standard minerals. The inset letters 
are as follows: (A) KBr blank; (B) 
Ward's bentonite No. 25; (C) Ward's 
kaolinite No. 4; (b) Ward's hal loy~ 
site No. 12; (E) Ward's bentonite 
No. 25 before treatment; (F) bento~ 
nite after dithionite-citrate treat 
ment; (G) bentonite after 0.5 N NaoH 
treatment; and (H) bentonite after 
acid NH,F treatment. 
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position for the 2:1 layer silicate or Al-OeH for kaolin minerals or 
both, From the evidence presented for Xeray diffraction and OTA this 
absorption band was assigned to halloysite, Hejia et al. (92) found 


a similar band for halloysite in si 


clays from the Colonbian Andes. 
It is observed (Fig. 13) that the 910 en! absorption band for soil 
clay 1 is the most intense, further confirming the interpretation of 
Xeray diffraction and DTA that the primary mineral present in this 
soil clay is halloysite, Soil clays 2, 5, 6, and 8 (Figs. 13, 15, 16) 
show very little, if any, absorption at 910 ent! indicating that the 
amount of kaolinite minerals in these fractions are small. In all 
soil clay Fractions, the characteristic absorption bands for quartz 
at 800 and 780 en"! were observed. 

After treatment with dithionite-citrate an additional absorption 
band was observed at 1,410 cov!, Figs. 13, 14, 15, 16). A similar 
band at 1,430 cnr! was observed by DeMunbrum and Chesters (32) which, 
they suggested, was a ferric silicate, In these clays, the absorption 
band at 1,410 ent! was attributed to the HCO} absorption as listed by 


Cross (28). The reasons for assignsent of this absorption band to 


HCO} is that the dithionite-citrate dissolution step is buffered with 
NaHCO, and since citrate was used as the chelating agent precipitation 
as ferric silicate would be very unlikely. There was also an increase 


-0 vibrations, This was attributed to 


in the absorption band for 
the concentrating of the phyllosilicates after removal of free Fe 
oxides. After treatment with 0.5 N NaOH there was another increase in 


the absorption band for Si-O vibrations (Figs. 13, 14, 15, 16) In- 


ating that siliceous materials had been concentrated to an even 


larger extent, This would be expected since the material removed by 
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tu 


dissolution was probably a conbination of poorly crystal 
naterial and hydroxy-aluminum polymers. After treatment with acid 
Niyf the intensity of the Si-O absorption band was decreased (Figs. 


13, 14, 15, 16) and the patterns were very similar to those observed 


for the original clays, The absence of Sifg"? after dissolution with 
acid NH,F was confirmed by the absence of an absorption band at 830 


em”! (28). 
Root, Soil, and Leaf Analysis 


Gorn Root and Soil Analysis from Eight 
Locations in Eastern Panama 


Effect of location on P in root extracts 
Samples were taken from the locations shown in Figure 2 and 
briefly characterized in Appendix Table 53. Locations were designated 

a8 geographic areas containing sinilar soils, topography, and other 


physical features, Sites are referred to as the indi 


ual sample 
taken from within a particular location. 


h are summarized in Table 


Root P.--Data for root extract P, wi 
17, show significant differences between locations for root extracts 


IV. No detectable amount of P was found in extracts I or in the soil 


extracts using the same reagent, There was no significant difference 
in root P between locations. In root extracts 11 and 111, P ranged 
From 16.3 to 62.l ppm and from 42.3 to 62.2 ppm, respectively. Roots 
at location 12 contained a larger amount of P in extract IV, 12h ppm, 
than at location 5 with 61 ppm. At other locations P values in roots 
were not significantly different. 


Effect of extraction on renoval of root P 


Root extractions I! and Il removed significantly 


Root B. 
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Table 17.=-Mean P concentration extracted From soils and adjacent corn 
roots at eight locations 


Sequential root extraction 
Soil iy ny vy 


extrac! 
Location 1.0.N LON  1.0N 
number Sites NAyCT NHycT Aer Ash Total 


5 5 0.0 0.0 © «18.5 a* 2.3a 61d 
6 2 0.0 0.0 © 18.02 = 6,20 6H ab 
7 4 0.0 0.0 © 54.78 © 62.20 © 92 ab 
8 3 0.0 0.0 616.78 9.5 66 ab 
8 6 0.0 0.0 54.5 56.9 BI ab 
" 2 0.0 0.0 © 16.38 © 58.7 a 75 ab 
2 4 0.0 0.0 © 62.40 61.8 a 1th 
13 2 0.0 0.0 © 52.1. 50.8 2 103 ab 
Nean 0.0 0.08 36.7 53.60 83 


Entries followed by the same letter (a, b, or c) vertically and 

(4, €, or F) horizontally, are not different significantly at 

P= 0.05, Vertical comparisons are based on Duncan's method for 
making comparisons between unequally replicated treatments, while 
horizontal comparisons are based on 't’ test for unpaired observations 
and unequal variances as described by Steel and Torrie (117), Means 
are based on 28 observations. 
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ent amounts of P (Table 17). Root extraction II! removed the largest 
amount of P, 53.6 ppm, while root extraction Il removed 36.7 ppm. 


Effect of location on extractable 


Data for root K (Table 18) snowed signi 


icant differences 
between locations within each step of root extraction. At location 9 
larger amounts of K in root extract 1, 111 ppm, were found than at 


locations 5, 6, 11, 12, and 13 wl 


h ranged From 170 to 431 ppm. 
Locations 8 and 9 contained 1,050 and 1,120 ppm of K in root extracts 


Il which were significantly more than those from locations 7, 11, 12, 


and 13 which ranged from 40 to 211 ppm. At location 6, significantly 
larger amounts of K were found in root extract 111 than at lecations 
5, 11, 12, and 13 which ranged from 145 to 490 ppm. At location 9, 
larger amounts of K were obtained in root extract IV than from loca 
tions 5, 7, 11, 12, and 13 which ranged from 222 to 1,069 ppm, 


Soil k. 


Soi l-extract K (Table 18) was significantly larger at 
location 9 than those from locations 5, 6, 7, 8, 11, and 12 which 
ranged from 170 to 431 ppm. 


Effect of extraction on renoval of root K 


Root K.--Root extraction | (Table 18) renoved significantly lower 
quantities of K than root extractions II and 111. Extractions 11 and 
111 removed 516 and 493 ppm of K, respectively, from the root which 
accounted for 95% of the total root K. 


Relationships between K in soil 
‘and root extracts 


There were four positive, significant relationships found for Ky 


of the 12 relationships considered, between adjacent samples of root 
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Table 18.--Hean K concentration extracted from soils and adjacent corn 
roots at eight locations 


Sequential root extracti: 


soil “Cy cm) ay ay 
extraction 
Location LON 1.08 1.0.8 
Tunber Sites NH,CT_ Mic el Ash Total 
5 5 381 53.7 b 52% ab 490 b1,070 b 
6 2 313 b> 50.0 b 890 ab «1,120.2 2,060 ab 
7 4 377 72.3 ab 2b 183 ab 468 b 
8 3 408 b 83.7 ab 1,050 a 657 ab 1,790 ab 
| 6 60a Wilda 1,120 a 810 ab 2,230 a 
Ww 2 170 b 2B.5 b 155 b 300 b 484 b 
12 4 431 b 27.5 b 134 b 2h b 558 b 
13 2 667 ab 36.5 b 40 b 145 b 222 b 
Mean 450 57.94 516d = 3 1,110 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, ©, or F) in the row are not significantly different at P= 0.05. 
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and soil. These relationships were of the mole fraction type (31 
and the mole ratio type [5] There were two significant relation~ 


found between mole fractions for K in the soi] extracts and in 


the root extracts | and IV. These are as follows: 


X, = 0.001351-1.5052(x, ,)490.4198(x, ,)” C10) 
and 
= 0,001220-0.1632(x, ,)#11.4092(X) 1) ia 


where X, is the mole fraction of K in the soil and X,, and X,, are 


4 
the mole fractions of K in root extracts | and IV, respectively. 
Regression equations [10] and [||] accounted for 26.1% and 32.4%, 
respectively, of the observed variation. There were also two signifi- 


cant relationships between K mole ratios in the soil extracts and in 


root extracts 1 and IV, These are as follows: 


Ry = 0.001352-1.5038(R, ,)+90.2301(R))° 


and 


Ry = 0,001216-0,1593(R, ,)#10.9931(R 4) 03] 


where R, 15 the mole ratios of K in the soil and Ry, and Ry, are the 
mole ratios of K in root extracts | and IV. Regression equations [12] 
and [151] accounted for 26.1% and 32.4%, respectively, of the observed 
variation. 


Effect of location on Ca in 
Soil and root extracts 


Root Ca 


Data for root Ca in extract | (Table 19) show 


ani 


cantly larger amounts of Ca in samples From location 7 than those from 


10 


Table 19.--Hean Ca concentration extracted from soil and 
adjacent corn roots at eight locations 


Sequential root extraction 
Soil 7 eC) 0) 


extract 
Location 1.0.N LoN LON 
number Sites NH, cl NH,cl Her Ash Total 


5 5 4150 ab 189 ab 38H a 1,620a 2,190.2 
6 2 6,150a 42 b 133 a Wa 316 a 
7 4 4,670 292 @ 612 2 233. 1,120.4 
8 3 6,380 a 49 » 116 a Wa 289 a 
9 6 5,040 a 97 ab 150 a Ig 393 a 
u 2 1,050 b a7 ab 1B a 3a 3h a 
2 4 5,320 106 a 292 2a S19 a 
3 2 5,380.2 93 ab 5h a 28a 565 a 
Nean 4,768 19 ¢ 258d 351d 724 


“Entries followed by the same letter (a, b, or c) in each column and 
(4, ©, or f) in the row are significantly different at P = 0.05. 
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locations 6 and 8, No significant difference was found between loca 
tions for Ca in root extracts 11, 111, and IV. On a fresh root basis, 
Ca in extracts I1 ranged from 116 to 612 ppm; those in root extracts 
MIL ranged From 125 to 1,620 ppm; and Ca in root extracts IV ranged 
from 289 to 2,190 ppm. 

Soil Ca.--Soi|-extractable Ca (Table 19) was significantly more 
at locations 6, 7, 8, 9, and 12, which ranged from 5,320 to 6,380 ppm, 
than from location 11 which contained only 1,050 ppm. 


Effect of extrac 


non removal 


of root ca 
Root Ca.--Root extractions 1, 11, and Il removed significantly 
different amounts of Ca (Table 19). Root extraction I1| removed the 


largest amount of Ca, 351 ppm, while root extraction | removed only 
19 ppm, and root extraction I! removed 258 ppm. Root extraction III 
accounted for 48,2% of the total Ca removed. 


Relationships between soll_and 
root Ca 


None of the four relationships considered between soil Ca and 
root Ca were found to be statistically significant. The relationships 


considered were between soil Ca and Ca in root extracts 1, 11, Il, 


and IV. 


Effect of location on $r in 
‘and root extracts 


Root Sr.--Data for Sr in root extracts are sumarized in Table 20. 
Samples From location 5 contained significantly larger anounts of Sr 
in root extract I than those From location 8. No significant di ffer= 


ences were found between locations for Sr in root extracts 11, 111, 


and IV, In root extracts 11, Sr ranged from 0.1 to 2.8 ppm; in root 
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Table 20,--Mean Sr concentration extracted from soils and adjacent 
corn roots at eight locations 


Sequential root extraction 


Soil (0) cy (TM) (Vy 
extract 

Location 1.0.8 10N 1.08 

nunber Sites NHC NH,cT Her Ash Total 


5 5 27.7 b° 34a ha 5.08 10.7 8 
6 2 -39.5ab 1.9 ab 1 28a Ba 
7 4 hb hab Ba Oe 3.7 
8 3 hab 0.36 03a 18a rhe 
9 6 50.68 © .S ab 72 OB a 3.2 
" 2 Kb 1.5 ab 06a 0.90 2.98 
12 4 9.Bab 1.5 ab Oa BT 
3 2 32.7 ab 5 ab Oa 0.98 ha 
ean 2.9 184 09¢ 15e 3.9 


“Entries followed by the same letter (a, b, or c) in each column and 
(4, e, or F) im the row are not significantly different at P = 0.05, 
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extracts II, Sr ranged from 0.8 to 5.0 ppm. In root extracts IV, 


Sr ranged from 2. to 10.7 ppm. 


Soil Sr.--Soil samples from location 9 contained 50.6 ppm of 
extractable Sr which was not significantly more because of the varia~ 
tion between sites than the 24.9 and 4.4 ppm of Sr found in samples 


from locations 7 and 11, respectively. 


Effect of extrac 


yn_on removal of root Sr 


Root Sr.~-Root extraction | removed significantly larger amounts 
of Sr than root extraction II and 111, Root extraction | accounted 
for 42.9% of the total root Sr removed. 


Relationship between soil and root Sr 


None of the 12 rela 


nships considered between Sr in soil extracts 
and Sr in root extracts were found to be significant. 


Effect of location on Mg in soil and 


root extracts 


Root Ng.--Data for Ng in the root extracts are summarized in 


Table 21. Significant differences were not found between locations 
for root extracts 1, II, II, and IV. In root extracts |, Mg values 
ranged only from 9.3 to 35.5 ppm; those in root extracts I! ranged from 


64 to 152 ppm. The total Hg in the root indicated by root extracts 


IV ranged From 128 to 209 ppm. 


Soil Mg.--Soil samples from locations 8, 9, and 13 contained 902, 
809, and 822 ppm of extractable Mg, respectively which was significantly 
ore than the 436 and 205 ppm of lg in samples from locations 5 and 11, 
respectively. 

Effect of extraction an removal of root Ma 


Root Ng.--All three root extractions renoved significantly differ 


ent amounts of Hg. Root extraction 111 removed the largest amount. 


ne 


Table 21.--Nean Hg concentration extracted from soils and adjacent 
corn roots at eight locations 


Sequential root extraction 
Soil on an (vy 


extract 
Location 1.0.N LON 1.0 
umber Sites NH,CT Naycl fcr Ash Total 


5 5 436 27.88 46a 1308 199 8 
6 2 735 ab 9.39 3298 lo7a 1g a 
7 4 646 ab 35.50 42.30 64a gla 
8 3 902 a 10.60 31.20 8 9 18a 
9 6 809 a 19.3a 37.28 dha Sha 
" 2 205 b 17.22 20.3a 1082 145 a 
12 4 609 ab 18.29 25.58 13ha 178 a 
13 2 8220 22a 3%6.6a 1520 2092 
Mean 646 19.9 f 33.56 od 169 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, e,or f) in the row are not different significantly at P = 0,05, 
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Relationships between Ma in soil 
and root extracts 


OF the four relationships considered between root~ and soi I~ 
extractable Mg, none were significant. 


Effect of location on Fe in soil 
and root extracts 


Root Fe.--Data for Fe in root extracts, summarized in Table 22, 


show significant differences between locations for Fe in extract |. 
Samples for location 7 contained an average of 1% ppm or Fe in this 


extract compared to 1.0 and 0.3 ppm obtained In samples from locat 


8 and 9, There was no significant difference between locations for 
Fe in extracts I, III, and IV. In root extracts 111, Fe values 
ranged from 2.4 to 17.5 ppm; those in extracts III ranged from 98 to 


312 ppm Fe; and those in extracts IV ranged from 102 to 328 ppm. 


Soil Fe.--The Fe in the soil extracts was not significantly dif- 
ferent between locations. The concentration of Fe ranged from 0.15 
to 3.48 ppm. 


Effect of extracti. 
of root Fe 


All three root extractions renoyed significantly different anounts 
of Fe. Extraction | renoved the snallest anount of Fe, 4.1 ppm, while 
extraction 11 renoved an internediate anount of Fe, Extraction 11 
removed an average of 183 ppm of Fe which accounted for 93.4% of the 


total Fe removed. 


Relationships between Fe in soil 
and root extracts 


Significant relationships were not found between Fe in soil 


extracts and Fe in the root extracts. 


6 


Mean Fe concentration extracted from soils and adjacent 


corn roots at eight locations 


Sequential root extraction 


Soi [OC 

Location Vou oN 108 

nunber Sites NH,CT_—NA,CT CT Ash Total 
5 5 0.86 a" 7.1ab 62a 69a 183 a 
6 2 0,802 1.625 24a 98a 102a 
7 4 0.92 the 17.5 a 90a ata 
8 3 0378 = 0.36 5a 02a 05 @ 
3 6 0.73a = 10b 62a hat 
ul 2 0.158 7 ab 13.00 3120328 a 
12 4 3B a3 ab Ba 56 a 238 
1B 2 0.708 3.6 ab 7.38 33a ahha 

Mean 1,00 Af 8.7 e 183d 195.9 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, , oF f) in the row are not different’ significantly at P = 0,05. 
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Effect of location on Ma 
Soil and root extracts 


Root M 


“Data for Hn are summarized in Table 23. Significant 
differences were obtained between locations for Hn in extracts II, 111, 
and IV. There were no significant differences between locations for 
fin in root extracts | which ranged from 0.01 to 3.53 ppm. Samples 
from location 11 contained 14 ppm of Hn, in extract 11, which was a 
larger amount than the 0,4 to 6.5 ppm found in samples from locations 
5, 6, 7, 8, 9, 12, and 13, The 13 ppm of root extract 111 Hn found 

in samples from location I1 was significantly larger than those from 
locations 5, 6, 8, and 9 where Hn values ranged from 0.9 to 3.1 ppm. 
The combined effect of the higher Mn at location 11 was reflected in 
the 28 ppm of Hn found in extract IV compared to those from locations 
6, 8, and 9 which ranged from 1.8 to 4.2 ppm. 


Soil Mi 


“The Hn in the soil extracts were not significantly 
different between locations. The concentration of Hn ranged from 
0.15 to 1.08 ppm. 


Effect of extraction on removal 


‘of root Ma 
Root Hn.--Root extractions I! and 111 removed significantly larger 
‘amounts of Mn than root extraction 1. Extractions 1! and II! accounted 


for all except 8.3% of the total Hn removed, 


Relationships between Hn in soil 
‘and root extracts 


Significant relationships were not found between Hn in soil 
extracts and Mn in the root extracts, 


Effect of locati: 
‘and root extracts 


pon Cu in soil 


Root Cu,--Data for Cu are sunmarized in Table 24. Significant 


8 


Table 23.--Mean Hn concentration extracted from soils and adjacent 
corn roots at eight locations 


Sequential root extraction 
Soil Ww cr Tr av 


: extract 

Location TON 1.0 Lon 

number Sites NH,CI_——NH,.CT Her Ash Total 
5 5 0.200" 3,53 a 65b 3.16 13,1 ab 
6 2 0.25 © O.01 a O4b 1b b 1.8 b 
7 4 0.18 a 0.98 a 3.36 6.4 ab 10.7 ab 
8 3 0.530 0.200 25b 0.9 b 3.6 b 
9 6 1.08 0.22 a 266 22b 4.26 
" 2 0.85 a 1.403 14.08 12.98 28.38 
12 4 0183 0.100 4.2b 5.8 ab 10.0 ab 
3 2 0.15 a 0.204 2.66 45ab 7.2 ab 

Hean 0.43 0.83 & 45d bpd 9.9 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, e, or f) in the row are not different significantly at P = 0.05. 


ng 


Table 24,--Hean Cu concentration extracted from soils and adjacent 
corn roots at eight locations 


Sequential root extraction 
Soil cr cm (vy 


extract 
Location LON 1.0N 1.0N 
number Sites NiCT_——NH,CT her Ash ‘Total 
5 5 
6 2 0.00¢ 0.100 12a 24a 3.7 ab 
7 4 O.15b = 1.95a 5.98 Zhe 9.6 ab 
8 3 0.136 0.078 10a 18a 286 
9 6 0.176 0,228 4B a 33a 71 ab 
" 2 0.00¢ O.15a 18a 42a 6.2 ab 
2 4 0.13 0,018 42a 38a 8.0 ab 
B ? O15b 001a 34a 48a 8.2 ab 
Mean 0.13 O55e 34d 3.66 7.3 


“Entries followed by the same letter (a, b, or c) in each column and 
(4d, e, or f) in the row are not different significantly at P = 0.05. 
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differences were obtained between locations for Cu in extracts IV. 
There were no significant differences between locations for Cu in 
root extracts 1, 1, and III which ranged from 0,01 to 1.95 ppm, from 
1.0 to 5.9 ppm; and from 1.8 to 6.1 ppm, respectively. Samples from 
location 5 contained 13.1 ppm of Cu in extract IV which was a larger 
‘amount than those from location 8 which contained 2.8 ppm. 


Soil cu, 


Soil Cu was not detectable by the method employed at 
locations 2 and 11 (Table 24). Detectable soil cu was highest at 
location 5. 


Effect of extraction on removal 
of root Cy 


Root Cu.=-Root extraction | (Table 24) removed significantly 
smaller anounts of Cu, 0.55, than did extractions I! and III which 
removed 3.4 and 3.6 ppm, respectively. Root extractions 11 and 111 
removed al] except 7.3% of the total root Cu. 


Relationship between Cu in soil 
and root extracts 


None of the four relationships considered between soil extract 


Cu and root extract Cu were found to be significant. 


Effect of location on Zn in soil 
and root extracts 


Root Zn.~-Data for Zn,sunmarized In Table 25, showed significant 
differences between locations for Zn in extracts | and IV. Samples 
from location 7 contained 7.9 ppm of Zn in root extract | which was 


Significantly more than the 2.5 ppm of Zn in roots from location 8. 


No significant differences were Found between locations for Zn in 
either extracts 11, which ranged from 3.0 to 10.8 ppm, or extracts 
11, which ranged from 0.8 to 7.5 ppm. The combined root extracts 


from location 7 also contained a significantly larger anount of Zn 


than those from location 8, 
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Table 25. 


Hean Zn concentration extracted from soils and adjacent 
corn roots at eight locations 


Sequential root extraction 
Soil cy (oD) 


extract 
Location 1oN 1.0N 1.0N 
runber Sites NH,CI_——_NH,CT Het Ash Total 


5 5 
6 2 
7 4 
8 3 0330 25b 3520 O72 6.66 
9 6 0.530 4.006 66a 254 1.1 ab 
" 2 0.302 S.4ab 3.38 1.98 10.6 ab 
12 4 O40 a 3.6 ab $5.82 1.88 1.2 ab 
B 2 O.40a 3.0ab 3.68 90.92 7. ab 
Mean 0.4 b 4340 5.4d 23e 121 


-. 


ntries followed by the same letter (a, b, or c) in each colum and 
(d, e, or f) in the row are not different significantly at P = 0.05. 
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Soil Zn.--No significant difference was observed between locations 


for Zn in soil extracts which ranged from 0.30 to 0.74 ppm. 


Effect of ext 
‘of root Zn 


jon on removal 


Root Zn.~-Root extracts | and I (Table 25) removed significantly 
larger amounts of Zn which were 4.3 and 5.4 ppm, respectively, than 
root extraction III which removed an average of 2.3 ppm. Root extrac 
tions 11 and 111 accounted for 80.8% of the total Zn removed. 


Relationship between Zn in soil 
‘and root extracts 


There were three positive significant relationships found between 


Zn in soil extracts and Zn in root extracts, These are as follows: 


Soil Zn = 0,1037+0.08512 (Zn,) Cia] 
also 
Soil Zn = 0,2677+0.03680 (Znz) C15] 


and 


0.2677+0.01758 (Zn,) Cie] 


where (Zn), (Zn), and (Zny) are the ppm of Zn in root extracts 1, IN, 
and IV, respectively, Regression equations [14], [15] and [16] 
accounted for 38.2, 27.1, and 23.8%, respectively, of the observed 
variation, 


Heliconia Root and Leaf Analysis and 
from Six Locations in Eastern Panama 


Anal: 


Effect of location on P in root extracts 
Data for P in root extracts which are summarized in Table 26 show 
significant differences between locations for root extracts 11, III, 


and IV. No detectable amount of P was removed by root extracts | or 
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Table 26.--Nean P concentration extracted from soils and adjacent 


heliconia roots at six locations 


Sequential root extraction 


Soil ayy cy (ivy 
extract 

Location LON 1.0N 1.08 

number Sites NH,CI_ «NHC. HCI Ash Total 


1 2 0.0 0.0 © s9ab* tiga 208 
a 2 0.0 0.0 28 ab 8B ab 116 ab 
3 9 0.0 0.0 16 b 7b 52b 
4 2 0.0 0.0 45 ab 82 ab 77 ab 
5 4 0.0 0.0 © Bla 75 ab 156 
6 2 0.0 0.0 © 69 ab 69 ab 137 ab 

Nean 0.0 O.0¢ 497d 83d 12h 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, e, or f) in the row are not different significantly at P = 0.05. 


Means are based on 21 observations. 


12 


in the soil extracts, Samples from location 5 contained a signi 


cantly larger amount of P in root extract I! than those from location 


3. Roots from location 1 contained significantly larger amounts of 
P in root extract III than samples from location 3. Total P in roots 
from locations 1 and 5 were significantly larger than those from 


location 3. 


Effect of location on K in root and so 


extracts and in leaf tissue 


Root K.--Data, which are summarized in Table 27, show that samples 


from locations 5 and 6 contained significantly larger anounts of K 


root extracts 11 which were 1,390 and 1,580 ppm, respectively, than 
in roots from location 2 which contained 246 ppm, There were no sig- 


nificant differences between locations for K in root extracts III which 


ranged from 327 to 6,480 ppm. There were also no significant differ- 
ences between locations for K in root extracts IV which contained fron 
758 to 2,430 ppm. 


Soil K.--There were no differences between locations for K in 


the soil extracts which ranged from 80 to 225 ppm (Table 27). 


Leaf K.--The concentration of K in the leaf tissue (Table 27) 


ranged from 2.72 to 1.84%. 


Effect of 
of root K 


traction on removal 


Root K.--Data, which are sunmarized in Table 27, show that root 


extraction | removed significantly lower quantities of K, 95 ppm, 
than root extractions 11 and 111. Root extractions 11 and II renoved 
902 and 692 ppm, of K, respectively, which accounted for all but 5.62% 


of the total K in the roots, 


roots, and leaf tissue at six locations 
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Mean K concentration extracted from soils, adjacent heliconia 


Sequential root extraction 


soil TR) any Cv 
Loca~ extract 
tion 10N 1.0N  1.0N Leaf 
number Sites NH,CT —NH,CT HI Ash Total. tissue 
% 
1 2 15ha* 100 ab 846 ab 1,KBO. a 2,430 a 
2 2 80 a 66 > 246 b 327 a 639 a 2.03" 
3 9 208 = 53b 1,030 ab 783 a 1,870. a 2.07 
4 2 mha = 51b 361 ab Sha 923 2473 
5 4 202 123 a 1,390.2 566 a 2,080 a 2.03 
6 2 25a «77a 15H a = HBG 2,200. 1.84 
Hean 181 se 902d ZG 16901 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, e, or f) in the row are not different significantly at P = 0.05. 


‘No statistical analysis were attempted on the leaf tissue because of the 
small number of observations, Sites, as listed, apply only to soil and 


root extract values. 


Relationships between K in soil and root 


extracts and in leaf tissue 


There were no significant relationships found, of the 12 con= 


sidered, between K in soil extracts and K in root extracts. 


Also no significant relationships were found, of the three con= 
sidered, between K in soil extract and K in leaf tissue. 


Effect of location on Ca in soil and 
root extracts and in leaf tissue 


Root Ca.--Significant differences between locations were found 
for root Ca in extracts | and 11 (Table 28). At locations 1, 4, and 
6, roots contained significantly larger amounts of Ca in root extracts 
I which ranged from 78 to 194 ppm, than those from location 3 which 


contained 72 ppm, Roots from location 5 contained a significantly 


larger amount of Ca in extract I] than those from location 3, There 


was no significant difference between locations for Ca in either root 
extracts III which ranged from 865 to 1,700 ppm,or in root extracts 


Ww 


fh ranged from 1,290 to 2,440 ppm. 


Soil Ca.--There was no significant difference between locations 


for Ca in the soil extracts which ranged from 3,970 to 6,440 ppm 
(Table 28). 
Leaf ca, 


‘The concentration of Ca in the leaf tissue (Table 28) 


ranged from 4,580 to 7,750 ppm between locations. 


Effect of extraction on removal of 


root Ca 


Root Ca.--All three root extractions removed signi 


icantly 


ferent amounts of Ca (Table 28). Root extraction 111 removed the 
largest amount of Ca, while root extraction | removed the smallest 

amount, and root extraction I! removed an intermediate quantity. Root 
extraction III accounted for 66.1% of the total Ca extracted from the 


roots. 
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‘-Mean Ca concentration extracted from soils, adjacent heliconia 
roots, and leaf tissue at six locations 


Sequential root extraction 
ay amy any (ivy 


Soil 
extract 

Location 1.0.N LON 1.0N Leaf 

number Sites NH,CT Nac ACY Ash Total tissue 


ppm Ca: 


1 2 6,440 a* 194 a SUB ab 1,700 2 2,440 a === 


2 2 4,060a = 152 ab 305 ab «= BES @ 1,370 5,480 
3 9 5,400 a 726 347 b 873 a 1,290.8 4,960 
4 2 3,970 a 7Bb 4IBab 1,150a 1,650a 4,580 
5 4 4,750.4 10k ab 656 a 878 a 1,640.0 5,930 
6 2 6,340a 134a 575 ab 1,590 a 2,300a 7,750 
Hean 5,160 122 475 1,170€ 1,704 5,740 


“Entries followed by the sane letter (a, b, or c) in each column and 
("d, @, oF f) in the row are not different significantly at P= 0.05. 
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Relationships between Ca in soil and root 
extracts and In leaf tissue 


No significant relationships were found, of the four considered, 
between Ca in soi! extracts and Ca in root extracts. 
There was a negative significant relationship between Ca in soil 


extracts and Ca in leaf tissue, which is as follows: 
Soil ca = 34258-49~10, 2964(Ca,)+0,0008810(Ca,)* 7] 


where (Ca) is the concentration of leaf Ca expressed in ppm. The 
regression equation [|7] accounted for 46.7% of the observed variation. 
Since a negative correlation between soil Ca and leaf Ca is not reported 
in the Ifterature an examination of the raw date was made. The raw 
data showed that all samples contributing to this negative relation 
ship were from location 3 (Table 29) which contained large quantities 
of free CaC0,. The fact that Ca in the heliconia leaf tissue varied 
little between locations and the extractable soil Ca was higher at 

this location because of the presence of free CaCO, explains the 
negative relationship satisfactorily. 


Effect of location on Sr in soil and root 
extracts and in leaf tissue 


Root Sr.--Data for Sr are summarized in Table 30. Significant 


ferences existed between locations for Sr in root extracts 1. 


Samples from locations 1, 5, and 6 contained significantly larger 
anounts of Sr ranging from 1.8 to 2.2 ppm, than those from location 4 

which contained only 0.5 ppm. There was no significant difference be- 
tween locations for Sr in root extracts 11, 111, and IV. Root extracts 


I ranged from 2.9 to 4.3 ppm; root extracts II1 from 2.9 to 4.3 ppm; 


and root extracts IV ranged from 5.3 to 2.9 ppm. 
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Table 29.--Individual samples from Trocha showing Ca in soil extracts, 
leaf Ca, and soil pH 


Soil Leaf Soi! 
Location extract tissue pH 


3 1,970 6,030 5a 
3 8,090 3,900 74 
3 6,450 4,450 6.8 
3 5,200 4,750 6.6 
3 6,970 4,650 6.0 
3 5,510 5,380 6.4 
3 5,120 5,000 6.1 
3 5,260 5,230 5.8 


3 4,040 5,230 5.7 
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Table 30,--Hean Sr concentration extracted From soils, 
heliconia roots, and leaf tissue at six locations 


Sequential root extraction 
Soi! D) any cn) (vy 


extract 
Location TON 1.0N 1.0N Leaf 
number Sites NCTM CT. «HET. Ash =Total tissue 


ppm Sr 


1 2 Ha® 21a 24a b2a 86am 


2 2 30.08 lab 258 2928 6.58 22.3 
3 9 33.78 16a 2ha 3.98 7.92 28.0 
4 2 1852 O5b 194 3.02 53a 9.8 
5 4 apa 22a 37a 53a H2a Bd 
6 2 22a 18a 19a 3a 79a 113 
Mean 4.8 16e 25d 3.64 7.6 79 


*éntries followed by sane letter (a, b, or c) in each column and 
(d, ©, or f) in the row are not different significantly at P= 0.05. 
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Soil Sr.--There were no significant 


ifferences between locations 
for Sr in soil extracts (Table 30) which ranged from 18.5 to 33.7 ppm. 

Leaf Sr.--The concentration of Sr in the leaf tissue (Table 30) 
ranged from 9.8 to 28.0 ppm. 


Effect of extrac 


yn_on removal of root Sr 


Root Sr.--Root extraction 1! and 111 removed significantly larger 
‘amounts of Sr than extract 1, Root extracts I! and III removed al} 
but 21.1% of the root extractable Sr, 


Relationships between Sr in soil and root 
extracts and in leaf tissue 


Ficant rela 


There were four positive sig ynships, of the 12 


considered, between soil- and root-extractable Sr. Two of these 
relationships were of the mole fraction type as shown in equation [4] 


These are as follows: 


X, = 0.043930. 1884(Xp))#2.2153(Kp) Cia] 


and 


= 0,02880+0.3585(Xp>) Cis 


where (Xp) is the mole fraction of Sr in the soil and (Xj) and (Xo) 
are the mole fractions of Sr in root extracts | and 11, respectively. 
Regression equations [1a] and [9] accounted for 25.2 and 31.4% of the 


observed vari 


n, respectively. The other two relationships were for 


the mole ratios expressed in equation [6]. These are as follows: 


2 = 0.04396-0.1859(Rp)+2.1776(R21)* [20] 


and 
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R, = 0,02884+0, 3584(R, Ca] 


22) 


where Ry is the mole ratio of Sr in the soil and (Rp)) and (Roz) are 
the mole ratios of root extracts | and II, respectively. Regression 
equations [201] and [21] accounted for 25.1 and 31.14% of the observed 


variation, respectively, 


There were two positive sig 


‘icant relationships, of the three 
considered between Sr in soil extracts and Sr in leaf tissue. One 


relationship was of the mole fraction type given In equation [4] 


and is as fol low 


C22] 


X, = 0.019351 .4186(Xp5)-16.869(Xp, 
where Xp is the mole fraction of Sr in the soil and (Xp5) is the mole 
Fraction of Sr in leaf tissue, The second relationship was of the mole 


ratio type indicated in equation [6] and is as follows: 
2 j 
2 = 9:01937#1.4190(Rp¢)~16.8538(Ry6) (231 


where (Ry) is the mole ratio of Sr in the sof! and (Ryq) is the mole 
ratio of Sr in the leaf tissue. Regression equations [22] and [25] 


each accounted for 36.7% of the observed variation. 


Effect of location on Mg in root and soil 
‘extracts and in leat Hg 


Root Mg.--The root data (Table 31) show that roots from locations 
2, 4, and § contained significantly larger amounts of Mg in root 
extracts | ranging from 32 to $9 ppm, than at location 3 which contained 


27 ppm. There was no significant difference between locations for Mg 
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Table 3l.--Hean Mg concentration extracted from soils, adjacent 
heliconia roots, and leaf tissue at six locations 
Sequential root extraction 
soi 
extract 
Location LON LON 1,0N Leaf 
number Sites NH,CT = NHCT_ HCI. Ash =Total tissue 
Q 
1 2 60 b* G1 ab 193 2 748 Bl a= 
2 2 963 ab 49a 98 2 6K a 79h a 3,750 
3 9 Bibb 27 b 159.9 M67 @ 653.9 3,700 
4 2 1,420 59a 20a Hla 50a 4,750 
5 4 72hb 32a 55a 330 516 a_3,520 
6 2 669 34 ab 72a 2K a Sh a 3,780 
Mean Buz MOF 150e HBS d 676 3,900 


“Entries Followed by the same letter (a, b, or c) In each column and 
(d, e, or f) in the row are not different significantly at P = 0,05. 
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in root extracts I, III, and IV, The Mg ranged from 98 to 193 ppm 
for extract 11; from 249 to 748 ppm for extract 111; and from 454 to 
981 ppm for extract 1V. 

Soil Hg.~-Soil samples from location 4 contained significantly 
larger quantities of Mg in soil extracts 1,420 ppm, than those from 
locations 1, 3, 5, and 6 which contained from 669 to 814 ppm (Table 30). 

Leaf Ma.--The concentration of Hg in leaf tissue (Table 31) ranged 
from 3,520 to 4,750 ppm, 


Effect of extract! 
root Ha 


non removal of 


ANI three root extractions (Table 31) renoved significantly 
different quantities of Mg. Root extraction | removed the smallest 
amount of Ng, 40 ppm, while root extraction I! renoved intermediate 
quantities. Root extraction I11 removed the largest anounts of Mg 
which averaged 486 ppm and this was 71.9% of the Ng extracted fron 
the root. 


Relationships between Mg in soil and 


root extracts and in leaf tissue 
There were no significant relationships, of the four considered, 


between the Mg in the root extracts and the soil extract. 


There was a pos jgnificant relationship between Mg in the 


soil extracts and Mg in leaf tissue. This relationship is as follows: 
Soil Hg = 293.6440, 1524(Hg,) [24] 


where (Mag) 1s the concentration of leaf Hg expressed in ppm. Regres~ 


sion equation [24] accounted for 24.0% of the observed variation, 
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Effect of location on Fe in soil and 
Toot extracts and in leaf tissue 


Root Fe.--Data for root Fe are sumarized in Table 32 and indi- 
cate that samples from location 2 contained significantly larger 
amounts of Fe in root extracts | than those from locations 1, 3, 5, 
and 6 which ranged in Fe values from 0.5 to 44,2 ppm. Samples from 


n | contained 50.8 ppm of Fe in root extracts I1, which was 
significantly more than those fro locations 5 and 6 which contained 
2.9 and 2.6 ppm of extractable Fe, respectively, Significance dif- 
ferences were not found between locations for Fe in root extracts 111 
although these values ranged from 103 to 220 ppm. Samples from 


loca 


1 2 contained significantly larger amounts of Fe in root 
extract IV than in samples from locations 5 and 6 which contained 
approximately one-half those from the former location. 


Soil Fe.--Significant differences were not found between locations 


for Fe in soil extract (Table 32) which ranged from 0.3 to 2.2 ppm. 


Leaf Fe.--The concentration of Fe in the leaf tissue (Table 32) 


ranged from 47 to 241 ppm. 
Effect of extraction on removal of root Fe 

AIL three root extractions (Table 32) removed significantly dif 
ferent concentrations of Fe. Only 6.3 ppm of Fe were removed by root 
extract | compared to 19.1 ppm by root extract 11 and 154 ppm of Fe 
removed by root extract 111. The latter accounted for 86.0% of the 
total Fe extracted. 


Relationships between Fe in soi! and root extracts 
‘and_in leaf tissue 


‘There were two positive significant relationships, of the four 


considered, between Fe in root extracts and corresponding soi] extracts. 
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Table 32.--Hean Fe concentration extracted from soils, adjacent 
fonia roots, and leaf tissue at six locations 


Sequential root extraction 
(0) 1 cy 


s 

extract 
Location TON 1.0N 1.0 Leaf 
number Sites NCI NHyCT Her Ash Total tissue 


1 2 16a" 1.6 b 50.8a 1768 228 ab = 
2 2 22a 18,028 19.1 ab 20a 2570 gl 
3 9 16a 4.2b 15.3 ab 125 21h ab 2d 
4 2 18a 13 ab 23.6 ab 194 229 ab 161 
5 4 O58 22b 29b 1032 108b 190 
6 2 03a 05> 266 1062 1096 7 
Mean 13 6.3f I9.le Ishd 179 720 


*entries followed by the same letter (a, b, or c) in each column and 
(d, e, or f) In the row are not different significantly at P = 0,05, 
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The 


st relationship is as follows: 
Soil Fe = 0,3799+0,3529(Fe,)-0.01361(Fe,)” [25] 


where (Fe,) is the concentration of Fe in root extract | expressed in 


ppm. The second relationship is 
Soil Fe = 0,4152+0,09894(Fe,)-0,001001(Fep)* [26] 


where (Fe,) is the concentration of Fe in root extract I expressed 


in ppm. Regression equations [25] and [26] accounted for 41.5 and 


41.4% oF the observed variation. 
No signiffeant relationship was found between Fe in soil extracts 
and Fe in leaf tissue, 


Effect of location on Hn in root and soit 
extracts and in leaf tissue 


Root Mn.--No significant differences were found between locations 


for Hn found in root extracts 1, 11, I, and IV. The concentration 
of Nn in root extracts | ranged from 0.20 to 0.85 ppm; from 1.8 to 
5.6 ppm in root extracts 11; from 1.8 to 10.2 ppm extracts 1115 and 
From 5.4 to 15.6 ppm for extracts IV (Table 33). 

Soil Mn.--Samples from location 2 (Table 33) contained signifi~ 
cantly larger amounts of Mn in the soil extracts than those from all 
other locations. These values were 2.30 ppm for the former location 
and ranged fron 0.25 to 0.86 ppm in the latter soils. 


Leaf Mn.--The concentration of Mn in the leaf tissue ranged from 


96 to 277 ppm. 
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Table 33.~-Hean Hn concentration extracted from soils, adjacent 
heliconia roots, and leaf tissue at six locations 


Location 
number Sites 


Sequential root extraction 
Soil yy yy 


extract 
VON LON 1.0N Leaf 
NH,cT NH,CT «HET Ash =Total tissue 


1 2 
zi 2 2.308 0.858 3.78 5.63 10.1a 125 
3 9 0.86 b 0,43 8 5.04 10.29 15.68 227 
4 2 0.65b 0.700 5.60 3.80 1010 98 
5 4 0,606 0,688 3.43 3.58 7.628 277 
6 2 0.25 b 0.358 3.38 1.88 Sha 96 
ean 0.49 O54e 3.86 5.00 9.4 165 


“Entries followed by the same letter (a, b, or c) In each column or 


(4, €, oF F) In the row are not different’ signi 


icantly at P= 0.05, 
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Effect of extraction on removal of root Mn 
Data summarized in Table 33 show that root extracts I! and III 


contained signi 


icantly larger amounts of Hn than root extract 1. 
The 3.8 and 5.0 ppm of Nn removed by root extracts I! and 111 accounted 
for all but 5.7% of the total root Hn. 


Relationships between Hn in soil and extracts 
‘and in leaf tissue 


There were two positive, significant relationships for Hn, of the 


four considered, The first relationship is as follows: 
Soi Mn = 0,1239¢1.3331(Hn,) C27] 


where (Hin)) 1s the concentration of Hn in root extract | expressed in 


ppm. The second relationship is as follows: 
Soil Hn = 0,4905+0.2071 (Hn,)~0.005755(Hn,)” 28] 


where (Mny) is the concentration of Hn in root extract IV expressed 
In ppm, Regression equations [27] and [28] accounted for 29.6 and 
32.5% of the observed variation. 

No significant relationships were found between Mn in soil extracts 
and Hn in leaf tissue. 


Effect of location on Cu in soil and root 
extracts and in leaf tissue 


Root Cu.--Data for Cu are summarized in Table 34, There was a 


significant difference between locations for Cu in root extracts | and 
Il. Locations 2,5, and 6 contained significantly larger amounts of Cu 


in root extracts I which ranged from 0.5 to 2.4 ppm, than samples from 
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Table 34.--Mean Cu concentration extracted from soils, adjacent 
heliconia roots, and leaf tissue at six locations 


Sequential root extraction 


Soil THON) (vy 

extract 
Location LON LON LON Leaf 
nunber Sites NH,CI_NH,CI_ HCI Ash Total tissue 


1 2 0.208" O.1b 3.9 ab Bla 1200 == 


2 2 0.353 24a Blab 7.84 18.20 19.1 
3 9 0798 1b H7b 6.7 a 1268 23.7 
4 2 0.35 1.8 ab 6.6 a 40a 12.4a 26.0 
5 4 0.208 0.78 5,.80b Bha 14.8 a 22.0 
6 2 0,200 05a 9.78 64a 16.68 13.8 


Mean 0.35 Lbe 6.54 6.94 145 20.9 


“Entries followed by the same letter (a, b, or c) in each column 
and (d, e) in the row are not different significantly at P = 0.05. 


m1 

locations 1 and 3 which contained 0,1 and 1.1 ppm, respectively. 
Sanples from location 6 contained 9.7 ppm of Cu in root extracts I 
which was significantly more than in samples fron location 3 which 
contained 4.7 ppm. Significant differences were not found between 
locations for Cu in root extracts 111 and IV. Root extracts 111 
ranged in Cu content from 4.0 to 8.4 ppm and root extracts IV ranged 
from 12.0 to 18.2 ppm of Cu. 

Soil Cu.--There was no significant difference anong locations for 
Cu in the soil extracts which ranged fron 0,20 to 0.79 ppm (Table 34). 


Leaf Cu.--The concentration of Cu in leaf tissue (Table 34) 


ranged from 13,8 to 26,0 ppm, 
Effect of extraction on removal of root Cu 


Root extract | removed significantly less Cu than extracts 11 


and 111 (Table 34), Root extraction | removed 1.1 ppm of Cu while 
root extracts II and III removed 6.5 and 6.9 ppm of Cu, respectively. 
Root extractions 11 and 111 accounted for 92.l%% of the total root Cu. 


Relationships between Cu in soil and root 


extracts and leaf tissue 


Significant relationships were not found, of the four considered, 
between Cu in soil extracts and Cu in leaf extracts 11, Also no sige 
nificant relationship was found between soil-extract Cu and leaf-tissue 


cu. 


Effect of location on Zn in soil and 
Foot extracts and in leaf tissue 


Root Zn.--The data for Zn analysis are sunmarized in Table 35. 
Root samples from location 2 contained 26 ppm of Zn in root extracts | 


Zn in 


which was significantly more than those at all other location 


these extracts ranged from 1.8 to 4.3 ppm, No significant differences 
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Table 35.--Hean Zn concentration extracted from soils, adjacent 


heliconia roots, and leaf tissue at six locations 


Sequential root extraction 


Soil 1) any a) 

extract 
Location LON LON 1.0N Leaf 
number Sites NH,CT NCTC Ash Total tissue 


1 2 0.75 ab 3.4b 64a 45a 1h2b = 


2 2 5.958 Bla 7.68 2348 36.08 27.9 
3 9 1.94ab 4.36 68a 3.30 Th b 42.3 
4 2 5.45 ab 7b B.0a 23a 13.0b 30.3 
5 4 0.75 b 3.9b 17a 3.20 18.86 38.6 
6 2 0.60 b 1.8b 86a 23a 12.7b 43.0 
Nean 2.57 7.0de 82d 3.00 18.2 30.4 
“Entries followed by the sane letter (a, b, or c) in each column and 


(d, e, or f) in the row are not different at P= 0,05. 
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were found between locations for 2n in root extracts IN and 111, In 
root extracts 11, Zn ranged from 6.4 to 11.7 ppm and in root extract 
IHL, 2n ranged from 2.3 to 4.5 ppm. Samples from location 2 contained 
significantly larger amounts of 2n in the soil extracts than locations 
5 and 6, The former averaged 5.95 ppm conpared to 0.75 and 0.60 ppm, 
respectively in the latter samples (Table 35). 


Leaf z 


~The concentration of Zn in the leaf tissue (Table 35) 
ranged from 27.9 to 43.0 ppm. 


Effect of extraction on renoval of root Zn 


Root Zn.--Root extracts 11 and 111 removed significantly different 
quantities of Zn, Root extraction 111 removed an average of 3.0 ppm 
of Zn whereas root extracts I! removed 8.2 ppm of Zn. Root extraction 


Il accounted for 45.1% of the total root Zn. 


Relationships between Zn in soil 
‘and root extracts and in leaf tissue 


Significant relationships were not found, of the four considered 
between Zn in soil extracts and Zn in root extracts I. Also no sig- 
nificant relationship was found between soil extract Zn and leaf 
tissue Zn, 


Jaraquagrass Root and Leaf Analysis and Soil 
Analysis from Six Locations in Eastern Panama 


Effect of location on P in root extracts 


icant 


Root P.--Data for root P are summarized in Table 36. Sig 
differences were not found between locations for root extracts 11, 111, 
and IV. There was no detectable P in root extract |, Root extracts 


II contained from 14,3 to 20.6 ppm of P compared to a range in P from 


g.3 to 50.1 in root extracts III, Total P in the roots ranged only 


from 64.4% to 69.6 ppm between locations, 


Vat 


Table 36.--Hean P concentration extracted from soils, and adjacent 
Jaraguagrass roots, at three locations* 
Sequential root extraction 
soit TTC 
extract 
Location 1.0N 1.0N 1.08 
nunber Sites NH,CT—NH,CT.—— CT Ash Total 
a a 
1 a 0.0 0.0 © 20.60" 9.00 69.90 
4 6 0.0 0.0 1438 50.1 a bho 
16 6 0.0 0.0 © 16.7 a 9.3.0 66.0.8 
Nean 0.0 0.0 6 17.2e M5 d 66.7 


“Entries followed by the same letter (a, b, or c) in each column and 
(4, e) in the row are not different significantly at P = 0.05. 


*Sanples were taken from the jaraguagrass portion of fertilizer t 
conducted by M. W. Silvey (51). Treatments included top-dressing 
with (1) 90 kg/h of K derived from sulfate of potash and (2) 100 
kg/h of P derived from triple superphosphate, 90 kg/h of K derived 
from sulfate of potash, and 100 kg/h of N derived from urea. This 
latter treatment was randonly split with three levels of Zn applied 
as a spray at 0, 15, and 30 kg/h of Zn derived from zine sulfate. 
Subsequent tables dealing with jaraguagrass were from these trials. 
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Effect of extraction on removal of root P 


Root P.--All three root extractions removed significantly dif- 


ferent anounts of P (Table 36), No detectable P was removed with 
root extract I, while extracts I] and 11] removed 17,2 and 49.5 ppm P, 


respectively. Root extrac! 


n IIL accounted for 74.3% of the total 
P extracted, 


Effect of locations on K in root and soil 
extracts and in leaf tissue 


Root K.--The data in Table 37 show that there were significant 


differences between locations for K in root extracts 1, Il, and III. 


Samples from locations & and 16 contained signi 


icantly larger amounts 
of K in root extracts 1, than those From location 1 which contained 


17.5 ppm. Similarly roots from locations 4 and 16 contained signi 


ieant- 
ly larger amounts of K which were 292 and 240 ppm, respectively, than 
those from location 1 which contained 149 ppm. No significant differ- 
ence was found between locations for K in root extracts 111 which 

ranged from 411 to 457 ppm. Samples from locations & and 16 contained 
significantly larger anounts of total root K, as shown by the 702 and 
780 ppm, found in extracts IV as compared to those from location 1 


having 578 ppm of K. 


Soil K.--Soils sampled from loca 


n 4 contained 672 ppm of K 
which was significantly larger than the amounts of K in the soil 
extracts from locations 1 and 16 which contained 316 and 285 ppm, 


respectively (Table 37). 


Leaf K. 


The concentration of K in leaf tissue (Table 37) ranged 


from 1.90 to 1.73% of the total dry weight. 
Effect of extraction on renoval of root K 


Root K.--Removal of K from the roots in extracts | averaged 25.3 
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Table 37.--Hean K concentration extracted from soils, adjacent jaragua- 
grass roots, at three locations 


Sequential root extraction 
soit TI) cy) vy 
extract 
Location LON LON LON Leaf 
number Sites NH,CT NACI. HC). Ash Total tissue 


- 
1 2% 285 b 17S b Mb HT a 578 1.90 
4 2 72a 31.0 a 92a a BOA «70. 
16 2% «36a 7.5 a Ha BHA 702A 73. 
Hean hah Bde 27d 43hd 686 1.78 


“entries followed by the sane letter (a, b, or c) in each colum and 
(d, €, or F) in the row are not different significantly at P= 0.05. 
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ppm which was mich less than that found in extracts I! and 111 which 
removed 226 and 426 ppm of K, respectively. 


Relationships between K in soil and root extracts 
‘and_in leaf tissue 


There were 


ive positive, significant relationships found, of the 
12 considered, between K In soi! extracts and K in root extracts. 
Four of these equations were of the type involving mole fractions 
[5] ond mote ratios [5]. There were two significant relationships 


found between mole fractions in the s 


extracts and root extracts 


1 and 111, These equations are as follows: 

x, = 0,0006630+0.9945(,) (29) 
and 

X, = 0.0003837+0.1363(X} 3) (303 


where (X)) 13 the mole Fraction of K in the soi and (4) and (X43) 
are the mole Fractions of K in root extracts | and 11, respectively. 
‘Two of the significant relationships were between mole ratios for K 
in the soil extracts and root extracts | and III. These equations 


are as follows: 


0,0006638+0.9959(8, ,) oi 


and 


0, 0003850+0.1358(R, 5) C32] 


where R, 1s the mole ratio of K in the soil and (Rand (R)3) are the 


mole ratios of K in root extracts | and 111, respectively. The Fifth 


14g 


significant relationship was between K in the soil extracts and K 


root extract I, This equation was as fol lows: 
Sor] K = 29.16+5.8691(K,) [33] 


where (Ky) is the concentration of K in root extracts | expressed in 


ppm. Regression equations [291,(30] , [51J, [32], and [33] accounted 
for 8.4, 8.9, 8.4, 8.9, and 11.2% of the observed variation, respective 
y. 

No significant relationships were found between K in the sof! 


extracts and K in the leaf. 


Effect of locations on Ca in root and soil 
extracts and in leaf tissue 


Root Ca.-=The Ca extracted from roots (Table 38), showed no sig- 


nificant differences between locations for Ca in root extracts 1; these 


values ranged from 146 to 156 ppm. Roots from location 16 contained 


170 ppm of Ca in root extracts II which is a significantly larger 


amount than those at locations 1 and & which contained 100 and 138 ppm, 


respectively. Root samples from locations | and 16 contained signi 
cantly larger amounts of Ca in root extracts II! than samples from 
location 4. Samples from location 16 contained significantly larger 
amounts of Ca, 451 ppm in root extract IV, than the 362 and 369 ppm of 
Ca in samples from locations 1 and 4, respectively. 

Soil Ca,--There were no significant differences between locations 
for Ca in the soil extracts which ranged From 2,900 to 4,800 ppm 


(Table 38). 


Leaf Ca,--The concentration of Ca in the leaf tissue (Table 38) 


ranged from 4,000 to 4,880 ppm. 


Table 38.--Mean Ca concentration extracted from soils, adjacent 
Jaraguagrass roots, and leaf tissue at three locations 


Sequential root extraction 
Soil TT 11 cy (ivy 


extract 
Location TON LON 1.0N lear 
number Sites NH,CI_ so NHCT_—sHEY.—= Ash Total tissue 
> pn Ca 
1 2% «4,810 a" HB a 100K a 362 6 4,880 
4 % oho a 1K 9138 ab «BS 369 4,000 
6 % 2,900 156.0 170125 a ST a 4,680 
Nean 3917 150d 136. «= 1B F 39h 4,520 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, e, or f) in the row are not different significantly at P = 0.05. 
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Effect of extraction on removal of root Ca 


Root Ce 


AI] three root extractions removed significantly dif- 
ferent amounts of Ca (Table 38), The largest anount of Ca, 150 ppm, 
was removed in root extraction I which accounted for 38.1% of the 
total Ca removed. Root extraction I11 removed an average of 108 ppm 
of Ca which was the smallest amount of Ca removed by any extract. 


Relationships between Ca in soil and root 


extracts and in leaf tissue 


There were no significant relationships, of the four considered 
between Ca in soil extracts and Ca in root extracts. 

Significant relationships were not found between Ca in the soil 
extracts and Ca in leaf tissue, 


Effect of location on $r in root and soil 
extracts and in leaf tissue 


Root Sr,--The data for Sr in roots (Table 39) show that samples 


From location 16 contained signi root extracts I 


icantly more Sr i 


than those from location 1, The difference in Sr between these two 
locations was 0.78 ppm, There was no significant differences between 
locations for Sr in root extracts III which ranged from 0.69 to 0.88 
ppm, Roots from location 16 contained significantly more total Sr 
than these from location 1; the difference averaged 0.68 ppm. 


Soil Sr.--Data summarized in Table 39 show that soil samples 


From loca 


ns | and 4 contained significantly large anounts of 
extracted Sr, 27.9 and 30.7 ppm, than those from location 16 which 
contained 18.6 ppm. 

Leaf Sr.--The concentration of Sr in the leaf tissue (Table 39) 


ranged from 30.9 to 37-5 ppm. 
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Table 39.--Hean Sr concentration extracted from soils, adjacent 
Jaraguagrass roots, and leaf tissue at three locations 


Sequential_root extraction 
soil“) [7 my (Wy 


extract 
Location LON 1.0N  10N Leaf 
number Sites NH,CT —NH,CT cl Ash Total. tissue 


1 2% 27.9 a* 0,99b 0.36 a 0.81 a 2.16 b 37.5 


4 2% «30.78 1M ab 0.27 @ 0.69 8 242 ab — 34.5 
16 % 186b 1.77 a 0.192 0,88 a 28a 30.9 
Mean 25.7 ul 0.27 F 0.79 e 2.47 34.3 


“Entries followed by the same letter (a, b, or c) in each column and 
(4, @, or f) in the row are not different significantly at P= 0.05. 
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Effect of extraction on removal of root Sr 


Root Sr.--Al] three root extracts removed significantly 


ifferent 


amounts of Sr (Table 39), Root extracts | removed 57.1% of the total 
Sr extracted, Root extracts I! removed the smallest anount of Sr, 
which averaged only 0.27 ppm. 


Relationships between Sr in soil and root 
extracts and in leaf tissue 


One negative, sig 


icant relationship, of the 12 considered, 
existed between Sr in soil extracts and Sr in root extracts IN1. 


This rela 


nship was as follows+ 


Soil Sr = 28,7616~3.0832(Sr3) [34] 


where (Sr) 1s the Sr content of root extract III expressed in ppm. 


Regression equation [34] accounted for only 5.5% of the observed va 


tion. 
There was no significant relationship found between Sr in soil 


extracts and Sr in the leaf 


Effect of location on Mq in root and 


soil extracts and in leaf tissue 

Root Ma.--Examination of the Mg data for the root extractions 
(Table 40) showed that there was no significant difference in the 
amount of Mg in raot extracts | which ranged From 29.6 to 32.2 ppm. 
Samples from location | contained significantly larger anounts of Mg 
in root extracts I1 which averaged 31 ppm, than these from locations 


4 and 16 having an average Hg content of 23.1 and 25.0 ppm, respectively. 


Roots from location 1 conti 


ficantly larger amount of Mg in 


ed a sig 
root extracts III, averaging 225 ppm, than those from locations 4 and 


16 which analyzed 146 and 152 ppm, respectively. 
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Table 40.--Mean Mg concentration extracted from soils, adjacent jarague- 
grass roots, and leaf tissue at three locations 
__Sequential root extraction _ 
soit a CC 
extract 
Location TON 1.0N 1.08 
nunber 5 NHCT —ONH,CT ACY Ash Total 
1 6 976 bY 29,6 31.08 225 2852 1,590 
4 2% 1377 8 32.2a 3.1 b 1b 1K 2,120 
16 26 SI9e 31.1a 25.0b 96 b 152 1,480 
Hean 957-310 26.4 F 137d 194 1,730 


Entries followed by the sane letter (a, b, or ¢) in each colunn and 
(4, @, or F) in the row are not different significantly at P= 0.05. 
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Soil Ma.--All three locations were significantly different for 
Mg in the soil extract (Table 40), Samples from location 4 contained 
the largest amount of Mg in the soil extracts while samples from 
location 16 contained the smallest arount. 

Leaf Mg.--The concentration of Ng in the leaf tissue (Table 40) 
ranged from 1,480 to 2,120 ppm. 
Effect of extractions on removal of root Ma 

‘Root Mg.--All three root extracts removed significantly different 
amounts of Mg (Table 40), Average Ng removed by extracts III was 
137 ppm, which accounted for 70.6% of the total Hg removed, Root 
extracts || contained the smallest amount of Hg, only 26.4 ppm. 


Relationships between Mq in soil and root extracts and in 
leaf tissue 


‘There were no significant relationships, of the four considered, 
between Mg in soil extracts and Mg in the root extracts. 
A positive, significant relationship between Mg in soil extracts 


and Hg in leaf tissue was found, This relationship was as follows: 


Soil Hg = 389.03+0.7751 (Ng) [35] 


where (gg) is the concentration of Hg in the leaf tissue expressed 
in ppm, Regression equation [35] accounted for 48.1% of the observed 
variation. 


Effect of location on Fe in root and soil 
extracts and in leaf tissue 


Root Fe.--The data for Fe are reported in Table J. Roots from 


locations 1 and 4 cont: 


ed significantly larger amounts of Fe in root 


extracts 1, than those samples from location 16, Similarily these 
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Table 4I.--Hean Fe concentration extracted fron soils, adjacent jaragua~ 
grass roots, and leaf tissue at three locations 
Sequential root extraction 
a aa a 
soil 
extract 
Location lon 1.08 10N Leaf 
runber Sites NH,CT NiCr Ash Total tissue 
1 2% 0.70 aK 10 2 80.0.2 378 ab M62 ab 9 
4 26 Lia 1.83.4 63.6 a 279 b 344 b 108.0 
16 26 O77 a 0.30b 51.6 b 4624 Sika 137.0 
Mean 0.87 2.07 Ff 65.1e 373d 40 2 


“Entries followed by the sane letter (a, b, or ¢) in each column and 
(d, e, oF f) In the row are not different’ significantly at P= 0.05. 
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samples from locations | and 4 contained significantly larger amounts 
of Fe in root extracts 11, than those from location 16, However, roots 
from locations | and 16 contained significantly larger anounts of Fe 


in root extracts 111, than those from location 4, The total Fe in 


roots from location 16 was significantly more than that in samples 
from either locations 1 or 4, 


Soil Fe 


There was no significant difference anong loca 


soi] extract Fe (Table 40) which ranged From 0.70 to 1.13 ppm. 


Leaf Fe.--The concentration of Fe in the leaf tissue (Table 41) 
ranged from 91 to 108 ppm. 


Effect of extraction on removal of root Fe 


Root Fe.--All three root extracts removed significantly 


ifferent 
anounts of Fe (Table 1), Root extracts I11 removed the largest amount 
of Fe, 373 ppm, which accounted for 84.8% of the total Fe extracted 
From the root. Root extraction | removed the smallest amount of Fe 
which averaged only 2.07 ppm. 


Relationships between Fe in soil and 
root extracts and in leaf tissue 


Significant relationships were not found, of the four relation= 


s considered, between Fe in the soil extract and Fe in the root 


extracts. 


Also no significant relationship was found between soil-extract 
Fe and leaf-tissue Fe. 


Effect of location on Mn in root and 
soil extracts and in leaf tissue 


Root Hn.--Data for Mn sunmarized in Table 42, were analyzed 
statistically and no difference was found among locations for Hn in 


root extracts 1, which ranged from 0.21 to 0.54 ppm. Roots taken 
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Table 42.--Hean Hn concentration extracted from soils, adjacent 


Jaraguagrass roots, and leaf tissue at three locations 


Sequential root extraction 


Soil ee CC) eC 

extract 
Location VON 1.0N 1.0N leaf 
number Sites NHCT. = NCL. Ash Total tissue 


1 % 0,300" O21a 89a Bla 17.28 28.8 
4 % «1562 0,232 3.26 «25 b $.9b 28.2 
16 2% 0,18 OSHa 89a 8.20 17.60 22.6 
Hean 0.68 0.33€ 7.0d 6.346 13.6 26.5 


“Entries followed by the sane letter (a, b, or c) in each colunn and 
(d, €, or f) in the row are not different significantly at P = 0.05. 
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From locations | and 16 contained significantly larger amounts of Hn 
in root extracts 11 than those from location 4; the difference between 
locations was 6.0 ppm. Roots from locations 1 and 16 also contained 
larger amounts of Hn in root extracts 111 than those of location 4; 
the difference was 2.0 ppm. Roots fron locations 1 and 16 also con~ 
tained significantly larger amounts of Hn in root extracts IV than at 
location 4; the difference was nearly 12 ppm. 

Soil Hn.--Soil samples (Table 42) from location 4 contained sig- 
nificantly larger amounts of extractable Hn which analyzed only 0.18 
‘and 0,30 ppm, respectively. 

Leaf Hn.~-The concentration of Hn in leaf tissue (Table 42) 
ranged from 22.6 to 28.8 ppm. 


Effect of extraction on removal of root Hn 


Root Hn,--Root extracts I1 and 111 removed significantly larger 
amounts of Mn, which were 7.0 and 6.3 ppm, respectively, than root 
extracts | which averaged only 0.33 ppm. Root extracts 11 and 111 
accounted for 97.6% of the total Hn removed, 


Relationships between Hn in soil 
ind Foot extracts and in leaf tissue 


There were three negative significant relationships, of the four 
considered, between Hn in soil and adjacent jaraguagrass roots. These 


were as follows: 


Soil Hin = 1,3864-0.0947(14n,) fe) 
Soil tin = 1.2161-0,08264(Hn5) (37 


and 


Soil Mn = 1.4077=" 


-05195(Kn,) (38) 


where (Hn,), (Mn), and (Hn,) were the ppn of Hn in root extracts 11, 
II, and IV, respectively. Regression equations [56] ,[37], and (38) 
accounted for 9.6, 8.0, and 10.2%, respectively, of the observed 
variation, 

There was a positive, significant relationship between Mn in soil 


extracts and Mn in leaf tissue, This relationship was as follows: 
Soil Mn _= 0,01650+0.02472(1Hn,) (39 


where (iin,) is the concentration of Hn in leaf tissue expressed in 
ppm. Regression equation [301] accounted for only 5.8% of the observed 
variation, 


Effect of location on Cu in root and soi 
extracts and in leaf tissue 


Root Cu,--The data for Cu in jaraguagrass roots (Table 43) showed 
no significant difference anong locations for Cu in root extracts | 
which ranged From 0.21 to 0.52 ppm. Al} three locations contained 
significantly different amounts of Cu in root extracts 11, III, and IV. 
Root from location 16 contained the largest amount of Cu in extracts 

11 while those from location 4 contained only 0.49 ppm. Roots from 
location 16 also contained the largest anount of Cu in extracts 111 

and IV, which were 3.90 and 9.50 ppm, respectively; those at location 

| contained the smallest amount which averaged 0.28 and 2.0 ppm, 


respec 


ively, for these extracts. 


Soil tu. 


AI] three locations contained significantly different 


anounts of Cu in the soil extracts (Table 43). Samples from location 


Table 43. 
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Mean Cu concentration extracted from soils, adjacent 
jaraguagrass roots, and leaf tissue at three locations 


Sequential root extraction 
Soil w a cy (vy 


extract 
Location LON 1.0N 1.08 Leaf 
nupber Sites NaCl —NHyCT HHCY. Ash Total’ tissue 
=p 
1 2% 0,05 bY 0,302 TKO 0.28 2.06 20.2 
4 % 0.102 O.22 a OM  2.73b F4b ITT 
16 % «0.01 ©0528 F108 3.908 9.50 15.6 
Mean 0.05 O.3he 233d 230d 5.0 17.8 


“Entries followed by the same letter (a, b, or c) in each column and 
(d, @, or f) in the row are not different significantly at P = 0.05. 
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4 contained the largest amount of Cu with 0.10 ppm, while location 
16 contained the smallest amount which was only 0.01 ppm, 


Leaf C1 


“The concentration of Cu in the leaf tissue (Table 43) 
ranged from 15.6 to 20.2 ppm, 


Effect of extraction on renoval of root Cu 


Root 6 


“Cu content of root extracts 1, was significantly di ffer~ 
ent From root extracts Il and 111. Root extracts I! renoved the 
largest anount of Cu, which averaged 2.33 ppm, while root extracts | 
renoved the smallest anount, only 0.34 ppm (Table 43). Root extracts 
1 and 111 accounted for 93.2% of the total Cu removed. 


Relationships between Cu in soil and 
root extracts and in leaf tissue 


There were three positive, significant relationships, of the four 
considered, between Cu in soil extract and Cu in root extracts. These 


relationships are as follows: 


Soi} cu = 0,03889+0,04898(cu,) [40] 
Soil Cu = 0,05686-0,02263(cu,)+0.01020(cu,) 

and 
Sot] cu = 0.1202-0.03285(Cuy)+0.003256(Cu,)* [a 


where (cu), (cu,) and (cu,) are the root extracts I, Il, and IV, 
respectively expressed in ppm. Regression equations [40],[41] , and 


[az] accounted for 23.4, 4.3, and 43.2%, respectively, of the observed 


varial 


No significant relationship was found between Cu in soil extracts 


and Cu in leaf tissue. 
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Effect of location on Zn in root and 
‘Soil extracts and in leaf tissue 


Data summarized in Table 44 show that roots from 


Root Zn, 
location 16 contained significantly larger concentrations of Zn in 

Foot extracts | than those from location | and 4, Roots from locations 
4 and 16 contained significantly larger anounts of Zn in root extracts 
II than those from location 1; the difference averaged 5.6 ppn. There 
was no significant differences anong locations for Zn in root extracts 
III and IV. The Zn concentration ranged from 2.1 to 8.9 ppm in 
extracts III and from 16.8 to 25.1 ppm in extracts IV. 


Soil Zn.--There was no significant difference between locations 


for Zn in the soil extracts (Table 4h) which ranged from 1.60 to 1.37 


ppm. 


Leaf Zn.--The concentration of 2n in the leaf tissue (Table 44) 
ranged from 67.7 to 42.6 ppm. 
Effect of extraction on renoval of root Zn 

No significant difference was found in the amount of Zn renoved 
by root extractions 1, Il, and III. The anount of Zn extracted ranged 


from 5.0 to 10.1 ppm (Table 4). 


Relationships between Zn in soil and 
root extracts and leaf tissue 


Significant relationships were not found, of the four considered, 


between Zn in soil extracts and Zn in root extracts, 


A positive, significant relationship was found between Zn in the 


soil extracts and Zn in leaf tissue. This relationship is as follows: 


Soll Zn = 0,4790+0. 004489(zng) [43] 
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Nean Zn concentration extracted from soils, adjacent 
Jaraguagrass roots, and leaf tissue at three locations 


Sequential root extraction 
Soil a eC 


extract 
Location VON LON 1.08 Leaf 
number Sites NH,CT = NH,CT_ HC Ash Total tissue 


1 2% ShaY WS b 6.8b 89a 20.20 42.6 
4 % 1608 5.56 Wela 21a 18.74 67.6 
16 % 1370 87a 1230 boa le 67.7 
Mean 1,50 6.24 101d 5.0d 21.3 50.0 


“Entries followed by the same letter (a, b, or c) in each column and 
(4, €, or F) in the row are not different significantly at P = 0.05. 
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where (2n.) is the concentration, in ppm, of Zn in leaf tissue, Regres- 


sion equation [43] accounted for 9.7% of the total observed variation. 


Soil pH and Extract pH 


Relationships between soil pH and soil 
extract pl 


There was a positive, significant relationship between soil pH 


and soil extract pH with 1.0 NNH,CI, This relationship is as follows: 
Extract pH = -0,01+0,88% C44] 


where X is the soil pH. The regression equation accounted for 99% of 
the observed variation, Values for soil pH and pl of soil extracts 


with 1.0.N WH,CI are in Appendix Table 56. 


CONCLUSIONS 


From the experimental data and general observations certain con 
clusions were made: 


1. Sig 


icant differences between soil clays from eastern 
Panama were found for CEC, pH-dependent CEC, and specific 


surface. These differences were influenced p: 


ily by the 
type of clay minerals present. Soil clay | from Patino 


exhibited a low CEC and specific surface and was found to be 


primarily hal loy: 


ics With the exception of CEC for clay 
4, the other clays exhibited high CEC and specific surface 
which was reflected in the large quantities of 2:1 phyllosili- 
cates or their interstratified mixtures. 

2. Amorphous materials renoved by selective dissolution From 
the soil clays accounted for 24 to 53% of the original clay 
weight. Removal of these materials did not affect materially 
the CEC, pH-dependent CEC, and specific surfaces of the 
residual, more erystalline clay portion. These amorphous 
naterials reacted like phyllosilicate relics and not al lophane. 
This was further confirmed by the siliceous nature of the 
material removed by 0.5 N NaOH, The composition of these 
extracts was more siliceous, from Sid,:Al,0, mole ratios, 
than either allophane or halloysitic allophane. The devel 
opment of such phyllosilicate relies as a major portion of 


the amorphous fraction was attributed to the tropical climate 
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3. 
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combined with the relatively high amount of organic matter 
in these soils, Reactivity of the organic matter presumably 
resulted in chelation of Al and Fe freed from the clays in 
the weathering process and permitted illuviation of these 


elenents. 


A compound of variable composition not unlike Na cryolite 
was present after treatment of soil clays with acid NH,F 
‘and the subsequent saturation of the exchange sites with Na. 


This compound was soluble in 1,0 NNH,OAc at pH 7,0 and 


resulted in Na values in the extracts which made impract 
cable the calculations of the CEC of the Na-saturated clay 
after the F treatment. 

A significant relationship was Found between CEC determined 


at 


her pH 4.8 or 8.2 and the specific surface. The re~ 
gression equations accounted for 87 and 83% of the observed 
variation, respectively. This was interpreted to mean that 
the specific surface available for glycol retention also 
measured the charged surfaces available for CEC. 
Determination of the CEC on the whole soil, compared to the 


CEC of the 


ispersed clay fraction and organic matter content, 
does not adequately estimate the actual capacity of the clay 


for cation reten 


ion, This was demonstrated when the clay 


fraction alone, without considering organic matter, in most 
of these soils, accounted for a larger CEC than was measured 
for the whole soil, This suggests that many of the exchange 


sites in the whole soil were not available for saturation, 


This was probably due to cementation of the smaller soil 
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particles by organic matter, manganese oxides, and iron 
oxides. Such cementations were subsequently removed by 
oxidation with #0, and the dispersion process used for 
clay separation. 


Data fron X-ray diffraction studies indicated that the soi! 


clays were poorly erystalline. Generally, a form of Z-axis 


imitation was denonstrated In the X-ray diffraction pat= 
terns by line broadening and plateaus in the region fron 

10- to 18A spacing with rather small or no distinctive 
peaks. This was associated with o broad, intense peak at 

4.5. A. The Xeray diffraction data revealed that the clay 
minerals found in these patterns were of the nature expected 
from values for CEC and specific surface. The single excep 
tion was soi! clay 4 where the CEC was lover than anticipated 
from the minerals identified, Further examination of these 
patterns disclosed that chlorite and gibbsite were not 
present in these soil clays. 

The DTA patterns showed the presence of a large endotherm in 
the low-temperature range. This was attributed to a 


ation of halloysite, 2:1 expandable phyllosilicates, 
and amorphous materials. The presence of halloysite in most 


of the clays was tn 


ated From the slope of the endotherm 


in the range from $25 to S75C. The OTA patterns confirmed 


the absence of gibbsite noted in X-ray diffrac 


jon patterns. 
Infrared analysis supported conclusions reached from the 
X-ray diffraction and DTA patterns, The absorption band at 


3,450 nt! for water adsorbed to clay surfaces indicates 
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presence of halloysite and/or 2:1 expanding phyllosilicates. 
The absorption band at 910 cm”! found for sone of the soil 


clay Fractions was attributed to Al-0-H bending, presumably 


from halloysite, Increases in the absorption band for Si-0 
vibrations were noted af ter treatnent with ci trate-di thioni te 
and NaQH; these changes resul ted from concentration of the 
more erystalline colloids. 

As a compartnent for effects of radioactive nuclides depos~ 
ited after fallout, the soi! would be expected to retain the 
radionuclides on the clay and organic matter surfaces, Pene~ 
tration to only a shallow depth might be anticipated because 


of the high clay content and the high CEC of these si 


se 
The migration of the nuclide through the soil profile depends 
largely on the tenacity with which the radionuclide would be 


adsorbed by the soil. Goldsmith (53) reported from a study of 


radionuclide retentions by six Panamanian clays, that the soil 
colloid portion represents a limitless reservoir for sorbing 


The rela 


jely large abundance of 


other cations which could displace the nuclide by a mass~ 
action effect and to some extent the selective adsorption 
of nuclides by clays would contribute to the fate of the 


nuclide, 


Extraction of the sot! with 1.0 N NH,CI gave essentially the 


exchangeable ions and ions present in the soil solution. 
Data from these extracts indicate that these soils were quite 


fertile h concentrations of nutrients essential for 


h 


plant nutrition present in the soil compartment, The soi 


tly acid, which enhances the availability 


pH was only 5 


Wes 
of plant nutrients, thus creating a suitable medium for plant 
growth. This implies that any radionuclide present would be 
competing for plant uptake with higher concentrations of 
essential elements, 


Few significant differences were found between locations for 


the concentration of essential mineral elements in the soil 
‘and root and leaf tissue. This reflected the general high 


fertility of the soils in the area and low expectati: 


0 of 


differences in s 


+ root, and leaf-tissue compartments. 
Use of 1.0.N NH,CI or 1.0.N HCI as a field test of root in 
organic composition might be justified where root ashing and 
extraction would be a serious delay in assessing radionuclides 


as nutri 


nal problens. Sequential root extractions showed 
the largest concentrations of root P, Mg, Fe, and Ca are found 
in the root-ash extract with the exception of Ca In jaragua~ 
grass where NH,CI extraction removed significantly larger 
quantities of these elenents, The concentrations of root k, 
Mn, and Cu found in ei ther the acid root extract or the root 


ash extract were not significantly different. The single 


exception was jaraguagrass where the acid-root extraction 
removed the largest anount of Cu. The largest concentration 
of Zn was removed with the acid extraction, while Sr was not 
Found to be significantly higher in any particular extract. 
This indicates a low uptake of Sr by the species, which were 
studied, growing in this area, 

Significant relationships were found between the soil extract 


and the sequential root extracts and leaf-tissue for several 


The 
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elements. The relationships of most 


terest were the 
positive, significant relationships between the Sr by the 
sole ratio with other cations in the soil extract and the 
NHCI and acid-root extract of heliconia, The Sr sole ratios 
in the soi! extracts and those in the leaf tissue of heliconia 


are also significant, No significant relations! 


found, however, between the concentration of Sr in the soil 


extract and the root extracts. 


Jar relationships were 
found for K by mole ratios with other cations in the soil 
extracts and those in the NM,CI root extracts of corn and 
Jaraguagrass, Also significant relationships were found 
between the concentration of K in the soil extract and the 

root extract. This indicates the necessity of considering 
complimentary tons when predicting the uptake of Sr or K by 
certain plants. 

Although 27 significant relationships were found, of the 112 
cases considered, in general, the fit of the regression 
equation is not very good and accounts for small percentages 
of the observed variation and should not be used for prediction 
purposes. This is attributed to the variability of the soils 
and the general high fertility. 

Estination of the conpartment magnitude for K, Ca, Sr, Ha, 

Fe, Mn, Cu, and Zn 1s provided from soil extracts, root 
composition, and leaf-tissue of the three species evaluated. 
Although, differences between species were not analyzed 


stat 


ally, the trends were as follows: For the root 


compartment, heliconia was the species highest in P, K, Ca, 


Sr, Mg, and Cu while jaraguagrass contained more Fe, Hn, and 


m1 
Zn. For the leaf conpartnent; ne data were available for 
corn, but helTcenia contained larger concentrations of K, Ca, 
Fe, Mn, and Cu than jaraguagrass, The latter species con- 
tained more Sr, Mg, and Zn than did helfeonia, The concen 
tration of mineral elements present, in the root and leaf 
conpartnents, reveal the range to be expected under existing 
Fertility conditions. From the concentrations of mineral 
elements present in the soi] extract, radionuclides would 
not be expected to concentrate in abnormal quantities in the 


plant tissue except by selective absorption from the soil 


solution or by foliar uptake, 


SUMMARY 


This study was initiated to survey sone of the most important 
chenical and physical properties of selected sotls from eastern 
Panama, The samples were taken along portions of the area proposed 
as Route 17 for nuclear excavation of @ sea-level canal, Retention 
of radioactive nuclides by the soil and availability of these nuclides 
for plant uptake are dependent on the negative charge density of both 


the 


eras constituting the clay portion (<2u) and the organic 
patter, The concentrations of essential elenents available for plant 
growth in the soil conpartnent are related to those in the plant 
compartment by complex ionic association with the process of root 


uptake of these elements. To evaluate and survey some of these 


relationships, samples were taken of soi 


and one or more adjacent 


plant species at selected locations. 


Eight of the sols from eastern Panana were selected for detailed 
study of the clay fractions, These were considered to be represen 
tative of the major soi! groups encountered in the field sampling. 

The clay fraction was separated and subjected to three selective 


dissolution treatments with the purpose of evaluating the nature of 


the anorphous and crystalline clay fractions. Triplicate samples 
were used, of each clay for each treatnent, so that @ statistical 

evaluation could be made for each set of data, Treatment of the soll 
clay with dithionite-citrate was followed First by hot 0.5 N NaOH and 


then by dithionite-citrate and in the final dissolution step with acid 


V2 
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NH,F. The CEC and pH-dependent CEC, by Na saturation, and specific 


surface, by glycol retention, were determined on the original clay 


and the residual clay after each sequential dissolution step. Also 
St, Al, and Fe were deternined in the extracts renoved by each of 
these dissolution steps. 

The CEC of the original clay before treatment at pit 4.8 ranged 
From 18.9 to 65.7 meq per 100g while the pH-dependent CEC from pH 4.8 
to 8.2 ranged From 2.3 to 17.5 meq per 100 9. Only small changes 
were noted In the CEC and pl-dependent CEC after each step of the 
treatments. The specific surface ranged from 213 to 473 N2/g for the 
clay before treatment. No changes, after treatment of these clays, 
were observed to be larger in magnitude than those found for a 
standard Wyoming bentonite subjected to the sane treatments. Signi f= 
icant linear relationships were found between CEC values deternined 
either at pH 4.8 or 8.2 and the values for specific surface. This was 
Interpreted to mean that the specific surface available for glycol 

tention also measured the charged surfaces available for CEC. 

These clays contained From 24 to 53% anorphous materials which 


were not allophane-like, but were probably phyllosilicate relics, as 


indicated by pH-dependent CEC and specific surface. The hypothesis 


that these amorphous materials were generally 2:1 phyllosilicate 


relics or poorly crystalline minerals was further confirmed by the 


siliceous nature of the extracts after treatment with 0.5 N NaOH. 


The Si0, 


1203 mole ratios for these extracts ranged from 5.92 to 


11.73. The predominantly siliceous nature of the amorphous clay was 


attributed to the tropical climate combined with the relatively large 
amounts of organic matter in these soils which facilitated the weath= 


ering process. 
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Xcray diffraction, DTA, and infrared data were used to assist in 
the identification of the minerals in these clays, The X-ray diffrac~ 
tion patterns showed all the soil clays to be relatively, poorly 
crystalline, Those with the highest values for CEC and specific 
surface were composed primarily of montmorillonites, vermiculi tes, 


and interstratified mixtures of these 


jerals, Smaller quantities 


of kaolinites were present, One soil clay which had a low CEC and 


specific surface was found to contain primarily kaolinites. Line 
broadening, plateaus between 10 and 18A with small differential peaks, 
and a dominant 3.58 peak observed in the X-ray diffraction patterns 
indicated Z-axis limination which was attributed to small particle 
size, These X-ray diffraction patterns and associated K saturation 
and heat treatment failed to indicate presence of chlorite or gibbsite. 
DTA patterns gave an endotherm at a low temperature which was attrib= 
uted to contribution of halloysite, 2:1 expanding lattice phyllosili~ 


cates, and amorphous materials. The shape of the endotherm found at 


high temperatures indicated that the kaolinites observed in the x-ray 
diffraction patterns were mostly halloysite. The absence of gibbsite 
was confirmed by the OTA analysis. 

The infrared spectra shoved a large absorption band at 3,450 en™ 
which 1s indictive of water adsorbed by the clay surface. This band 


was attributed to halloysite and/or 2:1 expanding lattice minerals. 


The presence of an absorption band at 910 cn™! was attributed to 
Al-O-H bending and is presumed also to indicate the presence of 
halloysite. 


The soil compartment which generally consisted of large quantities 


of clay and organic matter, both of which have high CEC and specific 
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surfaces, appears to have a practically unl 


ited potential for 
nuclide retention. The soils were generally quite fertile, This 
was shown by the concentrations of K, Ca, Sr, Mg, Fe, Hn, Cu, and Zn 


found by extraction with 1.0. NNH,CI. Since the soils were also 


htly acid these fertility conditions would suggest that radio- 


nuclides would not be preferentially concentrated in plants because 


of a to 


city or deficiency of essential elenents or an inbalance 
between these elements, The large concentrations of available nutri- 
ents would also tend to exert a dilution effect on radionuclides 
deposited in the sot! compartment. 

The root and leaf tissue of the thres plant species studied; corn, 
Jaraguagrass, and heliconia were not found to contain abnormal ly high 
concentrations of the elenents analyzed. There were a total of 27 
significant relationships found for the different elenents between 


compartments, There were 20 signi 


icant relationships obtained be- 


tween the soil and root compartments, while only seven signi 


cant 
relationships were found between the soil and leaf compartments. 
The regression equations for these relationships were generally not 


very good and accounted for little of the observed variation, Sig- 


cant relationships were found for the Sr-mole ratios between the 


and root and the soil and leaf-tissue compartments. Also, 


lar relations! 


s were Found for K, This implies that the con 
centration of conplenentary ions present should be considered when 
uptake of Sr, K, and when possibly radionuclides, which behave sini~ 
larly, are to be estimated, The samples in the survey provided ranges 
for K, Ca, Sr, Mg, Fe, ln, Cu, and Zn for the soil extract and the 


root and leaf tissue of the three species evaluated. 
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Table 45.--Profile description of soils used for clay mineral analysis 


Location Depth Deseription 
Profile #1 
Patino, Upland jaraguagrass 
pasture with 2 to 5% slope. 0 to 15 em Dark brown (7.5 YR 3/2) 
clay; coarse; strong 
crunb; Fibrous roots 
present: pH 6.6 
15 to 45 em Reddish-yellow (5 YR 6/8) 
clay; fine crumb; firable; 
sone concretions present; 
pH 6.2 
45 cmt Dark reddish-brown 
(2.5 YR 3/4) clay; fri- 
able; mottling present; 
may be parent material. 
Profile #2 
Yaviza. Alluvium jaragua- 
grass pasture. Approxi= 
mately 100 meters fron 
Rio Chico © to 15cm Very dark gray-brown 
(7.5 YR 3/2) silty clay; 
friable; Fibrous roots 
present; pH 6.6 
15 to 100 cm Brown to dark brown 
(10 YR 4/3) silty clay; 
Friable; pH 6.0 
Profile #3 
Santa Fe. Upland jaragua~ 
grass pasture approxi- 
mately 1/2 mile from 
0.1.0.8, Camp. 0 to 6 em Dark brown (7 YR 3/2) 
clay; medium erunb 
structure; friable; 
fibrous roots present; 
pl 6.6 
6 to 25 cm Reddish-brown (5 YR 5/3) 


clay; subangular blocky; 
pH 4.5. 


Table 45,--Continued 
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Location Depth Deseription 
25 cmt Reddish-brown (5 YR 5/3); 
primary well-deconposed 
Fock; some gray mottled 
Fragments. 
Profile #4 
Trocha, Upland area north 
west of Trocha, approximately 
five kiloneters northeast 
of Santa Fe 0 to 15 em Very dark gray (10 YR 
3/1) clay; subangular 
blocky structure; roots 
1g hori zontal ly 
in the top 10 cm; effer- 
vescence with HCI, pH 7.0 
15 to 30 cm Very dark gray-brown 
(10 YR 3/2) clay; sub- 
angular blocky; firm; 
effervescence with HCI; 
pH 6.0, 
30 to 125 cm Mottled red (7.5 YR 4/6), 
Vight olive brown (2/5 YR 
5/6), clay; effervescence 
with HCI; pH 8.0, 
Profile #5 
Rio Sabana. Upland approx- 
imately two kilometers from 
Rio Sabana in corn Field 
near four-year-old success 
ional plots. 0 to 6 em Very dark gray (10 ¥R 
3/1) clay; granular; 
Fibrous roots present; 
Free carbonates present; 
pH 8.0 
6 to 75 em Dark brown (10 YR 5/3) 


75 to 100 em 


clay; subangular blocky; 
pH 7.0 


Brownish=yel low (10 YR 
6/6)clay; subangular 
blocky to massive; 
yellowish=brown mottling; 
pH 4.7 


Table 45.--Continued 
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Location Depth 


Description 


Profile #6 
Rio Lara, Alluvium, near two 


and one-half-year old suc~ 
cessional sampling plots. 0 to 30 em 


30 to 75 em 


Profile #7 


Rio Chucunaque. Alluvium, 
approximately two kilometers: 
up river from Yeviza on the 


south bank 0 to 28 em 
28 to 90 em 
90 to 150 em 
Profile #8 


Chico, Located near 
Jaraguagrass field plots 

‘and approximately 300 

meters from Rio Chico. 0 to 15 em 


Dark brown (10 ¥R 4/3) 
to dark yellowish-brown 
(10 YR 4/4) clay; crumb 
structure; some mottling; 
pH 6.8. 


Gray (10 YR 6/1) clay; 
subangular blocky; red 
mottling, 3 to 6 mm in 
diameter; pH 4.5 


Dark brown (10 YR 4/3) 
silty clay; fine crumb 
structure; 

pH 6.2 


Dark brown (10 YR 4/3) 
changing gradually to 
Vight brown (7.5 YR 6/4) 
silty clay; fine crumb; 
pH 5.6. 


Brown (7.5 YR 6/4) clay 
loam; seepage encountered 
below 90 em; reddish- 
brown mottling; pH 5.6. 


Dark gray brown (10 YR 
4/2) sandy loam; granular 
structure, friable; 
Fibrous roots presen 
pH 6.6 
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Table 45--Continued 


Location Depth Description 


15 to 25 em Very dark gray (10 YR 
3/2) sandy clay loam; 
granular structure; 
Friable; yellowish 
brown mottling: pH 6.8. 


25 to 100 em Dark yel lowish-brown 
(10 YR 4/4) clay loam; 
granular structure; 
dark gray mottling. 


‘olor by Munsell chart; pH by Truog kit; and surface texture by 
particle-size analysis. 
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Table 46 


CEC values of eight soil clays from eastern Panama and 
Wyoming bentonite at pH 4,8 and 8.2 before and after 
sequential dissolution treatments 


Treatments 
After 

dithionite After After 

Original citrate 0.5 N NaoH acid MHA 

ae pH pH pH pH ro] pH 

Clay 488.2 B82 B82 BB 


129.0 38.6 30.5 43.2 35.2 43.72 
2 62.1 68.1 © 66.0 80.7 «72.2 BH. 755.8 
3 59.8 67.2 58.2 78-9 ©8618 94.8 70.7 62.6 
4 189 21-8 18k 28.7 hg BS 77ND 
5 64.3 74.3 75.0 69.8 «= 77.1 67.0 Bh 61.6 
6 8B 59.5 3H 49.5 9.7 GOT 53.0 57.9 
7 56.8 61.6 40.6 73.0 M612 SHB 7.6 53.5, 
8 67-6 (83.5 B43 114.8 92.4 108.7 © HB.2 56.2 

we 

bent. 59.1 95.7 61,3 86.2 71,6 116.0 94.286. 

Rep. UU 
1 -23,0 38.6 31-8 42.0 © 28.1 38.0546 47.3 
2 521 62.0 57-9 79.3 70.1 79.6 = G46 56.8 
3 58.8 65.5 54.8 7h.3 Bl 97-4 85.B 57.2 
4 183 22h 19.5 HB 3.1 286 B13 622 
5 64.3 72.4 66.6 77-9 76.9 89.2 B10 76.0 
6 48.2 56.1 W0.7 49.5 BB 56.3 62.2 56.5 
7 52.6 62.8 53.7 75.9 53.6 62.0 60.6 60.6 
6 bhh 85.6 = 69.8 105-1 72.9 89.7 WO to 
wy. 
bent. 59.1 98.5 57.5 86.3 85.0 106.3 85.6 105.5 
Rep. I 
1 29.6 37-6 31.0 40,6 «25.732 55.3 
2 $9.0 68.1 57-3 79-3 63-3 79.6 61.3 47-9 
3 63.0 68.2 61.9 80.8 © 79.8 996.0 73.7 67.7 
4 19:6 23.0211 26.6 hg 28.5 67.3 58.6 
5 5B.B 72.4 66.1 88.8 78.0 BBS 8.5 71.6 
6 48.2 60.9 «43.4 482542 60.0 68.03. 
7 56.8 62.8 67.9 90.2 68.5 77-7 92.7 56.2 
8 65.1 80.5 © 87.9 11S = 83.2922 BS 
wy. 
bent. 60.2 90.3 61.1 86.9 85.0 94.2 110.6 9h. 
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Table 47.-=CEC, F, and Al content found in 1.0 N NH,0Ac extract, 
foliowing sequential Na saturation of cldys, after treat- 
nent with acid Ni,F. 


Rinse 
after Saturation 
No. Clay treatment pH cee F Al 
==eq/100 g-=- ppm 
First saturation 
X; Wy. bent NACI 4.8 212.0 175.0 
x) Wy. bent. NACI 48 195.0 127.0 
XS Wy. bent NAgeT 82 167.0418 
xi Wy. bent. NACI 8.20 157.0 
Xs Wy. bent. Hy 4B 192.0 141.0 
x8 Wy. bent. 150 4B 203.0 154.0 
x8 Wy. bent. 40 82 © 166.0 71.0 
XB Wy. bent. #30 8.2 173.0 62.2 
1 fic 8.2 a0 114.0 
1A NAC) 8.2 263.0 148.0 
Z NAyCT 8.2 157.0 54.8 
2a Nyc! 8.2 186.0 85.5 
3 Santa Fe wife) 8.2 162.0 6.2 
3A Santa Fe Nate) 8.2 292.0 165.0 
4 Trocha NAC) 8.2 253.0 138.0 
4A Trecha NHAC) 8.2 © 257.0 135.0 
5 Rio Sabana NHyC! 8.2 230.0 82.2 
5A Rio Sabana NH, Cl B2 175.0 60.5 
6 Rio Lara nage) 8.2 166.0 58.5 
6A Rio Lara Nae 82 168.0 38.6 
7 Rio Chucunaque —_NHC1 82 zak0 112.0 
7A — Rio Chucunaque NHC 8.2 222.0 98.1 
8 Rio Chico NACL 82 193.0 7h2 
8A Rio Chico NHC 8.2 185.0 77.0 
9 Wy. bent. NAY 8.2 16810 2.6 
9A Wy. bent. NACI 8.2 167.0 25.7 
Second saturation 
xX) Wy. bent. H,0 8.2 108.0 2.6 0.0 
x} Wy. bent. 30 8.2 Noo 6.3 0.0 
X} Wy. bent. 450 48 128.0 3.6 0.0 
xX, Wy. bent. H30 4.8 123.0 25.2 0.0 
Xe Wy. bent. Ho 8.2 15.0 9.3 0.0 
XB Wy. bent. 30 8.2 13.0 ke 0.0 
x Wy. bent. H30 4.8 120,06 0.0 
xh Wy. bent. H0 48 121.0 3.9 0.0 
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Table 47.--Continued 


Rinse 
after Saturation 
No. Clay treatment pH cee FA 
==0eq/100 Pm 
Second saturation (Cont'd 
1 Patino 0 4.8 75.2 12.0 0.0 
1A Patino 30 4.8 6037.8 0.0 
2 Yeviza 50 48 72.003 0.0 
2A Yeviza 30 48 721 15 010 
3 Santa Fe 0 4.8 50.0 0.0 
3A Santa Fe 30 48 25 0.0 
4% Trocha H20 48 5 0.0 
WA Trocha H30 48 if 0.0 
5 Rio Sabana 30 48 5 0.0 
5A Rio Sabana 30 48 7) 0.0 
6 Rio Lara 450 48 ° 0.0 
6A Rio Lara 30 428 0 0.0 
7 Rio Chucunaque 70. 4.8 3 0.0 
7A Rio Chucunaque 70 48 6 0.0 
8 Rio Chico #50 4.8 4 0.0 
8A Rio Chico 30 4.8 3 0.0 
9 Wy. bent. 30 48 is 0.0 
9A Wy. bent. #0 48 6 0.0 
1, Wy, bent. #9 8.2 0.0 
xB Wy: bent. 0 8.2 0.0 
x} Wy. bent. 30 8.2 0.0 
XR Wy. bent. 450 8.2 0.0 
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Table W8.--Specific surface values of eight soil clays fron eastern 
Panana and Wyoming bentonite before and after sequential 
issolution treatnents 
Treatnents 
After After After 
dithionite- 0.5 acid 
Original citrate Nat Ni 
Sample Rep Rep. Rep ep. 
Wo. cage aaa aaa T 
1 
2 342 340 256 184 376 342 198 232 
3 366 (355 386392 393 AN 157 108 
4 40949 402 384 312 246 279148 
5 M67 478 488 413 347 WZ 299-285 
6 387366 502 454 391 367 344 356 
7 371 356 206 «178 346-257 99 130 
8 2630-272 290 (327 228 «191 104 oF 
wy. 


bent, 627767 454 Sil 614 603, 455 513 
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Table W9.--EFfect of sequential dissolution on the composition of 


‘anorphous' material removed by sequential dissolution 
steps 


Composition of materials removed 


Si Al Fe Ma 

Rep. Rep. Rep. Rep. 

T z T z T Z ae 
Cla 

9/9 
onite-citrate 
1 2.63 2.75 12,38 13.00 117.75 119.13 == 
2 3.88 3.38 11.25 9.63 © 60.63 80:13. - —- 
3 188 4.50 23.38 22.60 75.13 WHO == 
4 450 4.50 7.63 9.38 © 73.50 96.75 - = 
5 6.00 5.50 7.63 6.75 50.50 47.25 = = 
6 400 3.50 11-75 9.88 103.88 89.25 - = 
ra 5.75 5.25 838 98.25 = = 
8 A375 87.50 96.63 
Wy. 
bent. 1.88 2.13 5.38 438 
1 156.6 099 0.97 == 
2 11. 1225 == 
3 80.1 0.290 A) == 
4 90.2 092 15 - 
5 71.8 13800247 == 
é 79.0 079 079 == 
7 165.1 W720 197 =e 
8 Wl N38 1M == 
Wy. 
bent. 40.3 1.06 OW2 ee 
nite-citrate after 0.5 N NaOH 

1 7.6 26 0 830 7A =e 
2 10.9 2h 13.6 B= 
3 cas TO 05 - - 
4 8.3 20 Be 
5 7.8 27 28 5.1 a 1 
6 10.2 rs rh 
7 13.9 3300 «1230 (1700 
8 13.2 28 017 Nd ae 
Wy. 
bent. 3.33.8 038 03 o1 Ot - - 
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Continued 


Table 49. 


Composition of materials renoved 


Ma 


Fe 


Al 


si 


Rep. 


Rep. 


Rep. 


Rep. 


clay 


Acid NH, 


didagide 


Reqacegs 


7.8 
30.4 
10.1 
18.0 
2.0 
27.1 
34.9 
26.9 


wy. 


0.3 0.3 0.2 Ot 0.1 0.3 


7.0 


5.6 


bent. 
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Table 50.--Loss of ‘anorphous' material after sequential dissolution 
treatment when a small sample weight was employed 
Treatments 
After After After 
dithionite 0.5 N acid combined 

Clay citrate NaoH NHE total 
1 27.69 24.00 27.96 79.65 
2 32.10 16.54 16.64 65.28 
3 31.79 25.90 9.55 67.24 
4 28.73 27.87 33.14 89.80 
5 22.50 21,07 21.01 64.60 
6 13.92 25.14 20.46 59.53 
i 42.39 15.20 20.68 78.29 
8 38.18 16.54 14,36 69.09 
wy. 


bent. 8.70 19.23 8.75 36.69 
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Table 51.--Effect of sequential dissolution treatment on thermo- 
gravinetric analysis 


Water loss at 105-2006 


Before 
Clay dissolution 


1 1.57 1.25 77 
2 1,62 1,99 3.01 
3 wit 1.24 13 
4 1.95 27 1.46 
5 0.96 1.45 1.20 
6 0.97 1,66 1.13 
7 1,26 20 1.66 
8 2.58 1.27 Leak 
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Table 52.--The d/n spacing of crystalline minerals recognized from 
X-ray diffraction patterns of soil clays from eastern 


Panama 
Treatments 
After 
sample dithionite- After 0.5.N After acid 
preparation Original citrate NaoH NH 
A spacing 
Patino 
Mg satura~ — 23.23-19.19, 36.77-28.47, 7.36, 4.07 22.63, 7.13, 
tion and 16.97-10.15,  25.22-16.05, 3.617353, 4.28, "4,05 
glycerol 7.30, 4.43", 11,628.18, 3.55 
solvation 4.16, 4.07,’ 8.03, 7.68, 
3.70°3.55 7.30", 1.43, 
4.12,"3.65 
35h 
K satura= 7e4s", HoWB~ 1333.95, 7.36", 407" 22.63, 7.13 
tion 4,09,"3.61 Telia, 4.520 3.61-3.53 4.28, 4.05", 
4,09, 3,60" 4.55 
K satura- No peaks No peaks 3.37 sor 
tion and 
heat 
treated 
2 Yeviza 
Ng satura- 35.30, 25.22-  22.07-19.19, W4.13-31.52, 22.07-16.97", 
tion and 18.39, 3.65 6.80, 3.47 | 24.52-17.65", 7.62, 4.542 
glycerol 17.65-14.01, 3.89, 3.61%, 
solvation 9.20, 7.62," 3.37 
3.58%, 3.34 
K 


saturation —44,13-29.42, 4h. 13-29.42", H4.13-29.42,  23.23-20.53, 
18,39-12.98", 23.23-19.61,/ 25.22-18.39, 7.49, 4,28, 


8, ih1-6.96, 19.61-11.04, 14.71", 7.24, 3.57", 3.37 
Wl18, 3.55", 7.36, 4.48," 3.58","3.36 
hg Busi 
K 3.36 3.36 10.3%, 5.03, 23.23-19.61, 
saturation 3.34 17.65-10.08%, 
and heat 3.55, 3.36" 


treated 
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Treatments 
After 
Sample dithionite- After 0.5 .N After acid 
preparation Original citrate NaOH NF 


A spacing 


- Santa Fe 
fg satura- 21.53, 7.36, No 23, 23-15. 
tion and S.Slich, 22," data 9.20, 7.49", 
glycerol 3.60", 3.37 4.48, 3.58", 
solvation 5.38 
K 44. 13-32.69, M4. 13-29.42, bh 1332.69, 4h 13+32.69, 
saturation 25.22-17.65"  23.23-19.19, 22.63-12.61,  25.22-11.77, 
7.30, 4.52 19.19-11.93, 7.305, 4.50, 7.43%, 4.5l, 
4,03, 3.55", 7.36, 4.5 3.43", 3.36 3.58", 3.38 
3.34 4.05, 3.57", 
38, 3.33 
« No peaks No peaks 17.65-9.82", —17.65-9.30", 
saturation 489, 3.33" 4.92, 3.384 
and heat 
treated 
ie Trocha 
Ng satura~ No data 25.22-21.02, 30, ti-16.60, 7.24, 4.50- 
tion and 20.0-18.39,' 7.36, 4.45,’ 3.86, 3.33 
glycerol \8.0-18.47, 3.58", 3.36 
solvation 81-7. 24,4 
3.65, 3.60" 
K 4, 7173.86, 4s 13-29.42", 44.13-29.42",  7.43-7.07, 
saturation 3.55 23.23-11.0,  23.85-11,0"," ,52-4.00, 
7.43, 3.61- — 7,49-7.30, 3.57, 3.36" 
3153 3258", "3.36 
K No peaks No peaks 12,610. 12.49.01, 
saturation 5.03, 3.37" 3.34 
and heat 


treated 
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Sample 
preparation 


Continued 
Treatments 
After 
dithionite- After 0,5.N After acid 
Original citrate NaOH ‘Ni 


Hg sotura~ 33,95) 26.75- lh. 13+29.444, No peaks 23.85-17.65, 
tion and 18.3", 18.39- 25.22-16,05", 11:0-10.0, 
glycerol 16 9.20, 4.85- outa, 4 
solvation 7.55%, 4.03, 3.67- 3.6403.5 
367-3. 3.53 3.55", 3.37 
3.38" 
K 4s, 13-32.69, Mis 8032. 59, 44, 13-3269, 25..22-8.41", 
saturation — 25.22-9.0, | 24.52-9.01", 23.2316. 7:36, 4.48, 
7-30, 4.50- 7443, 4.43," 16.35-11.08", 3.55", 3.37 
Wiis, 3.65- 3.55%, 3.36 9.11, 7.30, 
3151, 3.36 Wi5ucis 3, 
4.26, 3.5% 
3.51, 3.3 
K 17.65-9.20, 17,65-9.11, 17.65-8.75,  22.07-8.83", 
saturation 3.47, 3.41 3.37 A. Phel. 22," 4,59, 3.36 
and heat 236-3. 17 
treated 
6- Rio Lara 
satura- 7.75, 4.66 3-29.42, lb, 13-29. ee, 23.85-15.45", 
tion and 4203, 3.70- 7-17.65", 
glycerol 3:55, 3.37 20, 7.43, : 
solvation 26174. 26, % 
6373.55", 
3.02 
K 4, 1-16.9" 2116.9, Ht 1-16.9, 
saturation —_16,9-9.0, “8.83, 25.22-11.04, z 
7.30, 4.66- 0, 3, 7.83, 92-7043, 5.08; 
22) 3.63- 83.53) NB, 3.63- 30, 3.58", 
hg "3.3 3.50%, 3.38 3.37" 
K 12,61-9.81, No peaks 16.97-9.50 17.65-10,27", 
saturation 5. 18:4.66, 4.81, 3.37 5,120.87, 
and heat 3.36" 3.38" 


treated 
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Continued 
Treatments 
After 
Sample dithionite. After 0,5.N After acid 
preparation Original citrate NaOH NAF 
“A spacing: 


= Rio Chucunaque 


Mg satura- —-23.8-18.3", 23,23-15.7, 18.3", 9.2, 8.0-7.4, 
tion and 8.0-7.2, | 7.6, 3.61" B.11-7.36,, 3.65" 
glycerol 57, 3.63", 7:13, 3.57", 

solvation 3.3 33h 

K 4.43, 3.55 4h, 1732.6, 7.49, 3.60%, 4.54.12 
saturation 1765-1417, 3.38 

230, 3.57" 

K 17.6§-11.04, No peaks 3.39" 11,6-10.9, 
saturation 3.36" 4,66, 3.45" 
and heat 
treated 

B- Rio Chico 
fg satura~ 4.32, 3.57% 32.69-14.0, 1765-14247, 
tion and 3.36 7-89-7.13," 8,187.18, 
glycerol 3.58, 3.36 © 3.60", 3.37 
solvation 

k 44,13-32.69, ls. 13-32.69, 17.69.81, 7.55-7.0, 
saturation  24,52+20.65,  24.52-20.65, 8.49-7.13, 4.37, 3.63 

4.30, 3.55", 4.43, 3.55" 3.60%, 3.54, 3.47, 3.34 
3.48 3.38 

k No peaks 3.43-3.31" 10,08, 3.53" 
saturation 
and heat 
tweated 


“Highest relative intensity of peaks in pattern. 
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Table 53.--Locations representing three principal soil groups from 

ich soil and adjacent root and tissue samples were taken 
Location 

No. Name Sites Soil Plant 

1 Yaviza % Alluvium Jaraguagrass 

2 Yaviza 2 Alluvium Heliconia 

3 Trocha 9 Upland non-latosol Heliconia 

4 Santa Fe 2 Upland non-latoso! Heliconia 

4 Santa Fe %6 Upland non-latosol Jaraguagrass 

5 Rio Lara 5 Alluvium corn 

5 Rio Lara 4 Aluvium Heliconta 

6 Nuno 2 Upland non-latosol corn 

6 Nuno 2 Upland non-latosol Heliconia 

7 Rio Sabana 4 Alluvium Corn 

8 Santa Fe 3 Upland non-latosol corn 

9 Santa Fe 6 Upland non-latosol Corn 

11 Chucunaque 2 Alluvium Corn 

12 Rio Grande 4 Alluvium Corn 

13. Pinogana 2 Alluvium Corn 

16 Patino 26 Upland latosol Jaraguagrass 
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Table 54.-=Concentration of elements in soil, root extracts and leaf 
tissue of corn, heliconia and jaraguagrass from all 
locations sampled In eastern Panama 


No. of Standard 
Extract sites _Hean Haximum Minimum deviation 


=oo= pie 
corn, P 
Soil extract 2B 0.0 0.0 0.0 0.0 


Root extracts 


a) 7 0.0 0.0 9.0 0.0 
ay 7 40.4 206.0 0.0 46.9 
(nD) % 54.2 90.8 26.6 18.6 
(i) 6 ah. 193.5 33.8 37.0 
corn, K 
Soil extract 2B 493 1,226 106 315 


Root extracts 


a 7 64.0 157 12,0 39.0 
ay 2a 575 1,295 0.0 458 
aw % 492 1,450 70.0 352 
av) % 1,169 3,088 158 836 


Corn, Ca 
Soil extract 28 4,830 10,100 940.0 1,830 


Root extracts 


0) 27 130 550 40.0 130 
ay a 280 1,640 69.0 340 
any 26 400 6,100 80.0 1,140 


() 6 800 7,750 220 1,460 
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Table Sl 


No. of Standard 
Extract sites Hean Maximum Minimum deviation 


Soil extract 2B 32.2 75.6 3.9 16.2 


Root extracts 


0) a 1.8 6.7 0.0 1h 
qty 7 1d 8.7 0.0 2.0 
any 6 1.6 V4 0.0 3.2 
ay) % wal 32.8 13 5.8 
corn, Ma 
Soil extract 2B 653 1,150 196 249 


Root extracts 


a) 2 ad 70.5 V2 1g 
a) 2 34.5 8u.0 15.3 16.2 
() 6 107 251 8.0 48.0 
i) 26 V0 399 93.0 70.0 


Soil extract 8 1.09 11.50 0.00 2,05 


Root extracts 


a) 2 43 23.5 0.0 cas 
qu) 27 9.0 48.0 0.0 10.2 
any) % 176 498 20,0 19 


ay) 6 189 566 44.0 130 


Table St.--Continued 


Extract 


Maximum 


Minimum 
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Standard 
deviat 


Soil extract 
Root extracts 
qa) 
(uy 
qu) 
(iy) 


Soi] extract 
Root extracts 
a) 
(a) 
qty 
(0) 


Soil extract 
Root extracts 
(0) 

(uy 
qa) 
(ay) 


28 


a 
a 
6 
6 


28 


2B 


0.46 


0.87 
42 
43 
9.3 


0.18 


0.64 
3.8 
3.6 


7.8 


0.49 


45 
6.0 
2.6 

13.3 


PPA 
tora, Hn 


4,20 


13.40 
19.7 
17.3 
40.0 
Gorn cu 


0.70 


4.70 
12.4 
15.4 
32.5 


Corn, 20 


1.60 


13.4 
25.0 
23.4 
48.8 


0.10 


0.00 


0.00 
0.5 
0.3 


2.4 


0.10 


2.0 
1.6 
0.0 
54 


0.79 


2.50 
45 
3.8 
oe4 


0.14 
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No. of Standard 
Extract sites Mean Maximum Minimum deviation 


PI" 


Heliconis 
Soil extract 21 0.0 0.0 0.0 0.0 


Root extracts 


qa) 2 0.0 0.0 0.0 0.0 

an a 41,0 Ish 5.0 37.0 

(un) 2 69.0 163 7.0 45.0 

i) 2 103 249 21.0 69.0 
Heliconis, K 

Soi] extract 2 192 5h2 54.0 120 


Root extracts 


0) 21 85.0 198 12.0 47.0 
ay 21 993 2,630 192 5hg 
any 21 m 2,260 ay 510 
i) 2 1,740 3,470 222 787 
Leaf tissue 18 21,200 29,500 15,600 3,190 


Soil extract 2 5,220 8,090 1,970 1,440 


Root extracts 


(0) 21 113 253 50.0 60.0 
ay 21 hug 965 178 188 
i) 2 1,050 2,920 87.0 61 
av) 2 1,610 3,810 463 935 


Leaf tissue 18 5,340 7,750 3,900 856 


Table 5lt.--Conti nued 
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No. of Standard 
Extract sites Mean _Maximum Minimum _deviation 
PPR aan 
Heliconia, Sr 
Soil extract a 27.5 56.2 Wh 9.6 
Root extracts 
oO) 2 1.6 25 0.0 0.8 
ay 2 2.6 5. 0.8 We 
aw 21 3.6 12.0 0.8 2.6 
i) 2 7.8 18.0 2.6 3.5 
Leaf tissue 18 23.8 109.5 73 22.1 
Heliconia, Ha 
Soil extract 2 821 1,820 433 287 
Root extracts 
0) 21 35.0 74.0 11.0 15.0 
(i) a 153 250 55.0 56.0 
an) a 464 955 13 236 
i) 2 652 1,170 224 268 
Leaf tissue 18 3,790 6,330.3, 000 895 
Hel icon! 
Soil extract 2 13 ra ou Ma 
Root extracts 
a) a 5.2 21.3 0.2 6.4 
an a 16.2 99.0 0.0 20.7 
an 2 139 230.0 413 65.5 
i) a 156 318 45.0 71.0 
Leaf tissue 18 193 1,250 36.8 269 
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Table 54,-=Continuad 


No, of Standard 
Extract sites Mean Maximum Minimum _ deviation 


s 


extract 21 0.81 2.40 0.10 0.72 


Root extracts 


qa) 2 0.51 110 9,00 0.29 
a) 2 4a 9.4 ins 2.0 
i) 2 6.6 29.0 1.3 6.6 
(0) 2 113 33.5 Ah 13 
Leaf tissue 18 205 487.0 61.0 103 


Heliconia, Cu 
Soil extract 2 0.48 2.40 0.10 0.53 


Root extracts 


o) 21 Mw 27 0.0 0.7 
i) 21 5.8 B64 23 2.6 
an) 21 7.0 18.2 2.2 3.6 
ay 21 3.8 23.6 5.3 4.9 

Leaf tissue 18 22.5 52.8 13.8 8.2 


Soil extract 21 2.2 10.3 0.30 25 


Root extracts 


a) a 5.8 29.1 1.8 6.7 
qn) 2 8.0 2st 3.2 42 
(on) 2 30 7.0 0.0 2.0 
avy) 21 17.0 37.3 9.8 19 


Leaf tissue 18 38.0 55.0 26.0 8.3 
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Table St,--Continued 


No. of Standard 
Extract sites Mean Maximum Minimum _devial 
ceo ppmean= 


Jaraquagrass, & 
Soil extract 79 0.0 0.0 0.0 0.0 


Root extracts 


a) B 0.0 0.0 0.0 0.0 
(i) 70 17.0 98.0 0.0 13.9 
(nD) B 48.7 94.8 46 14.6. 
avy) 70 66.3 176 34.9 24.2 


Jaraquaarass, K 
Soil extract 19 422 1,380 56.4 282 


Root extracts 


(0) B 2h 93.0 2.0 16.6 
ay 7 226 540 20.3 War 
i) B 426 957 76.0 136 
av) 2 681 1,220 181 219 
Leaf tissue 72 17,800 25,000 12,500 2,610 


Jaraquaarass, Ca 
Soil extract ” 3,910 6,830 2,090 1,020 


Root extracts 


w n 152 208 72.0 39.0 
(ity) B 133, 4gk 43.0 76.0 
(ity B 104 365 43.0 57.0 
(iv) 72 388 B15 191 ne 


Leaf tissue Ta 4,530 11,400 3,000 976 
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Table 54.--Continued 
No. of Standard 
Extract sites Mean Maximum Minimum deviation 
‘pp 
Jaraquagrass, Sr 
Soil extract 79 25.7 48.7 14.3 an 
Root extracts 
(1) 72 1.3 46 0.0 09 
qu) 3B 0.28 1.6 0.0 0.33 
(ui), 3 0.77 22 9.0 0.53 
(0) 2 24 5.8 0.7 Ma 
Leaf tissue 2 34.2 89.8 17.8 10.7 


Jaraquagrass, Ha 
Soil extract 78 956 1,760 368 396 


Root extracts 


qa) bi 31.5 60.5 15.5 73 
(0) B 26.3 72.0 13.0 10.6 
(ity B 139 630 52.0 97-0 
(0) R 196 739 99.0 105 
Leaf tissue 72 1,720 2,580 Ino 355 


Jaraquagrass, Fe 
Soi] extract 78 0.87 10.9 0.0 1.80 


Root extracts 


a) 2 23 41.0 0.0 6.0 
ay R 65.0 369 0.0 6.0 
ay B 358 2,190 76.0 304 
(i) n 426 2,310 86.0 321 


Leaf tissue nm 12 515 25.0 91.0 


202 


No. of Standard 
Extract sites Nean Maximum deviation 


=ppa 


dJaraquagrass, Mo 


Soil extract 8 0,68 6.70 0.10 1.33 
Root extracts 
(0) 72 0.32 6.20 0.0 0.75 
ay 72 6.7 19.0 9.0 4 
cc) B 5.9 23.6 0.9 47 
avy) a 12.9 36.4 21 8.5 
Leaf tissue 2 6.5 101 13 13.0 


Jaraguagrass, Cu 
Soil extract 7B 0,05 oe 9.00 0.07 


Root extracts 


a) rr 0.34 5.5 0.00 0.75 
(ui) 7 0.81 75 0.00 1,04 
aw B 2705.9 110 0.98 
(iv) ” 3.90 16.3 1,80 2.10 
Leaf tissue 72 17.8 42,3, 48 8.3 


Jaraquagrass, Za 


Soil extract 78 0.8 5.8 0.00 1.07 
Root extracts 
a n 6.1 59.0 0,30 6.7 
) n 9.6 28.0 0.50 fale 
(uty B 5.7 198 0.0 24.0 
(0) n 21.6 222 46 6.4 


Leaf tissue 72 62.6 325 1.0 68.3 
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Table 55.--Estimation of contamination in root extraction analysis 
from soil particles 
foot Elenent analyzed Hole 
location Estimated ratio 
no. Ma cafe contanination _NgtCa:Fe 
moles x 107/100 g- % 
1 0.0 0.0 © 5.0 0.70 - 
1 0.0 00 © 17.9 2.9 - 
4 33.4 0.0 51.6 11.84 = 
4 16.5 0.0 53.9 9.80 = 
5 0.0 00 © 9.5 1.32 - 
8 0.0 0.0 74.7 10,40 . 
b 0.0 0.0 28.2 3.92 - 
3 0.0 0.0 39.6 5.51 * 
16 0.0 0.0 82.4 1.47 
16 0.0 0.0 136.6 19,03 2 
Average 5.0 0.0 49.9 7.65 0.10 
soit 
location 
3 230.3 57.4 521.0 . é 
4 121.7 98.8 ‘485.2 i * 
4 93.8 79.6 282.5 = = 


5 97.5 63.9 338.4 - - 
Average 235.8 74.9 406.8 - 0.76 
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Soil reaction 


IyCl extract from 11 locations 


Soil reaction 


in eastern Panana 


Table 56.--Soll pH and pl of 1.0 N NH, 


Soil extract 
aitaeneneone 


1.0. AH,CT 


44 tam sano gaz e-mt ye ayen ae 


4,0 


10. 
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